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For photomicrography 
and simultaneous obser- 


vation, binocular photo 
tube “FS” is available 


laboratory 
microscope 
which 
fulfills 
research 
requirements 


thenew LEITZ LABOLU X Illa 


The Leitz Labolux IIIa is a new laboratory microscope with built-in illumination and the famous 
Labolux ball-bearing focusing control, which combines both coarse and fine focusing in a single 
knob. Available with a wide variety of accessories, the Labolux IIIa is recommended for all routine 
laboratory work and, in addition, can be equipped to fulfill the most exacting research. 


A variety of interchangeable tubes is available: monocular, binocular or trinocular (binocular 
viewing plus photo tube for photomicrography). Tubes can be rotated 360° so that the Labolux IIIa 
may be faced away from the observer, for increased accessibility to all controls and to the object 
stage, and to make ‘“‘conference-viewing” by two consultants more convenient. 

Among the condensers available are the Abbe type, the Berek 2-diaphragm condenser, and condensers 
for phase contrast and dark field observations. The Labolux IIIa is readily adapted to fluorescence 
microscopy by addition of the Leitz fluorescence accessories. The large stand, in a new contemporary 
design, is constructed for a lifetime of use with fatigue-free operation and precision performance. 
All controls, including the knobs for the mechanical stage, are in a low convenient position. High- 
power objectives have spring-loaded mounts for prevention of damage to lenses and slides. 


LABOLUxX Illa, Model S 25/95 


e inclined binocular tube S with knurled knob to adjust for proper interpupillary distance e built-in 
mechanical stage #25 e two-lens condenser #95 ¢ substage unit with rack and pinion focusing accepts 
sleeve-type condensers ¢ quadruple nosepiece with achromats 3.5X, 10X, 45X and 100X oil immersion, 
the last two having spring-loaded mounts e paired 10X wide-field eyepieces @ horizontal carrying case 
e 3-step transformer, 6 V., 2.5 Amp. 


For literature and/or a personal demonstration in your laboratory, write Dept. SC-92 
E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 


co Distributors of the wortd-famous products of 
eitz Ernst Leitz G.m.b.H., Wetzlar, Germany—Ernst Leitz Canada Ltd. 


LEICA CAMERAS: LENSES: PROJECTORS. MICROSCOPES BINOCULARS 
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The Richmond Arsenal was producing thousands of 
rockets for the Confederacy and experimentations on their 
deadly missiles were still underway as late as 1865. 

Today, as a vital part of one of the world’s largest elec- 
tronics companies, Raytheon’s Missile Systems Division is 
making significant contributions to the art of missilery. Here, 
engineers are working with far-advanced concepts in elec- 
tronics, aeronautics, and astronautics. Constantly analyzing, 

‘evaluating, creating, they’re helping to solve tomorrow’s 
defense problems now. 

Raytheon has room for more such men at all levels of 
responsibility. For them, Raytheon’s Missile Systems Di- 
vision creates a climate for talent — perhaps your talent. 


/ 


REBEL ROCKET GF Gi 


ENGINEERS: Immediate openings in Operations Analysis 
e Radar Systems « Data Processing « Design Data « Systems 
Test ¢ Specification Engineering « Circuit Design « Systems 
Analysis « Electronic Packaging e« Transmitter Design « 
Process Engineering e Product Engineering « Publications « 
Quality Control « Microwave. 


Your resumé will receive prompt attention. Please address it 
to: Mr. Richard S. Malcolm, Coordinator of Employment/ 
Placement, Missile Systems Division, Raytheon Company, 
520 Winter Street, Waltham, Massachusetts. 
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GET YOUR ADVANCE COPY 
of the General Program of the 
AAAS New York Meeting 


by first class mail — early in December 


The General Program of the 127th Meeting of the AAAS in New York, 26-31 December 
1960, will be available to you, at cost, within the first week in December—whether you can attend 


the Meeting or not. 


Program Content 


. The two-session AAAS General Symposium, “Moving 
Frontiers of Science WV’—Speakers: Edward Anders, 
H. W. Magoun, George Wald, and H. H. Goldstine; 
Thomas Park, presiding. | 


. The “Challenge to Science” evening with Sir Charles P. 
Snow, Theodore M. Hesburgh, and W. O. Baker; War- 
ren Weaver, presiding. 


. On “AAAS Day,” the three broad, interdisciplinary sym- 
posia—Plasma: Fourth State of Matter; Life under Ex- 
treme Conditions; and Urban Renewal and Develop- 
ment, arranged by AAAS Sections jointly. 


. The Special Sessions: AAAS Presidential Address and 
Reception; Joint Address of Sigma Xi and Phi Beta 
Kappa by Polykarp Kusch; the Tau Beta Pi Address; 
National Geographic Society Illustrated Lecture; and the 
first George Sarton Memorial Address by René Dubos. 


. The programs of all 18 AAAS Sections (specialized sym- 
posia and contributed papers) . 


. The programs of the national meetings of the American 
Astronomical Society, American Nature Study Society, 
American Society of Zoologists, History of Science So- 
ciety, National Association of Biology Teachers, Scientific 
Research Society of America, Sigma Delta Epsilon, So- 
ciety for General Systems Research, Society for the Study 
of Evolution, Society for the History of Technology, 


Society of Systematic Zoology, and the Society of the 
Sigma Xi. 


7. The multi-sessioned special programs of the American 


Association of Clinical Chemists, American Astronauti- 
cal Society, American Geophysical Union, American 
Physiological Society, American Psychiatric Association, 
American Society of Criminology, Association of Ameri- 
can Geographers, Ecological Society of America, Myco- 
logical Society of America, National Science Teachers 
Association, New York Academy of Sciences—and still 
others, a total of some 90. participating organizations. 


. The four-session program of the Conference on Scien- 


tific Communication: The Sciences in Communist 
China, cosponsored by the AAAS, NSF, and ten so- 
cieties. 


. The sessions of the Academy Conference, the Confer- 


ence on Scientific Manpower, and the conference of 
the American Council on Women in Science. 


. The sessions of the AAAS Cooperative Committee on 


the Teaching of Science and Mathematics, and of the 
AAAS Committee on Science in the Promotion of Hu- 
man Welfare. 


. Titles of the latest foreign and domestic scientific films 


to be shown in the AAAS Science Theatre. 


. Exhibitors in the 1960 Annual Exposition of Science 


and Industry—103 booths—and descriptions of their ex- 
hibits. 


Advance Registration 


Advance registration has these decided advantages: (1) You avoid delay at the Registration Center upon arrival; (2) 
You receive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to 
attend; (3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program. 


la. O Enclosed is $3.50 for my advance Registration Fee which brings me the General Program, Convention Badge, and 
all privileges of the Meeting (50¢ is for first-class postage and handling) . 


Ib. () Enclosed is $2.50 for only the General Program. (It is understood that, if I should attend the Meeting later, the 
Badge-necessary for the privileges of the Meeting—will be secured for $1.00 more.) 


(check la or 1b) 

. FULL NAME (Dr., Miss, etc.) . . 
(Please print or typewrite) 

. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


. OFFICE OR HOME ADDRESS 
CITY (For receipt of General Program) 


(May be added later, after arrival) 
Please mail this Coupon and your check or money order for the total amount to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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Modern ... Versatile. «. 
Economical! 


INTERNATIONAL’S 
ALL-NEW MODEL UV 
UNIVERSAL CENTRIFUGE 


This latest contribution to centrifuging 
progress combines in one moderately 
priced unit all the features most wanted F 
by medical and industrial laboratories. 


STREAMLINED PESIGN! Cabinetized construction 
adds new eye appeal to traditionai International 
“work horse’”’ ruggedness. Unitized control panel 
simplifies operation. Convenient storage space keeps 
accessories handy. 


WIDE-RANGE VERSATILITY! Swings more than 80 
different accessory combinations... at speeds up to 
5400 RPM. For example: 4 one-liter bottles, 150 serum 
tubes, 6-250 ml bottles, 16-50 ml tubes. 


MOST-WANTED FEATURES! Stainless steel 
guard bowl makes cleaning easy. Electric 
tachometer, timer and brake assure accuracy... 
improve performance. Powerful series-wound 
motor is International-made for extra reliability. 
GET ALL THE FACTS about this modern, 
versatile, economical centrifuge... the one 


model you can standardize on for general-purpose 
laboratory work. 
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andages can 


CES CONTRACT STERILIZATION will sterilize your product 
for you—permitting market-testing of new products with- 
out immediate equipment purchase. 


CES PROCESS DEVELOPMENT will research and ‘pilot 
test’’ your production process for you, for best integration 
of sterilization, 


Tommy is having a ball. But, while these bandages may 
make amusing playthings, their real purpose requires abso- 
lute sealed-in sterility. That’s where Castle Engineered 
Sterilization, or ““CES,” comes in. 

CES research provides the know-how and equipment to 
sterilize a thousand and one such hard-to-process items— 
from adhesives to photographic film. All sterilization is its 
province—the product, package, packaged product, selec- 
tion and operation of equipment, and the handling, storage 
and shipment of sterile supplies. 

Whatever your problem, if it involves sterilization, you 
can count on Castle Engineered Sterilization for the answers. 


WRITE today for literature. Initial CES research 
and planning are without cost. 


LIGHTS AND STERILIZERS 
WILMOT CASTLE CO., 1713-9 E. HENRIETTA RD., ROCHESTER 18, N. Y. 


SCIENCF, VOL. 132 


: 
assu 
é i Bee a re 
= 
Ce 
\ 
588 


OL. 132 


2 September 1960, Volume 132, Number 3427 


AMERICAN ASSOCIATION 
FOR THE 
ADVANCEMENT OF SCIENCE 


Board of Directors 
CHAUNCEY D. LEakE, President 
THOMAS Park, President Elect 
PauL E. Kiopstec, Retiring President 
HARRISON BROWN 
H. BENTLEY GLass 
MARGARET MEAD 
Don K. PRICE 
Mina REES 
ALFRED S. ROMER 
WILLIAM W. RUBEY 
ALAN T. WATERMAN 
Paut A. SCHERER, Treasurer 
DaEL WOLFLE, Executive Officer 


Editorial Board 
Konrap B. Krauskopr H. Burr STEINBACH 
Epwin M. LERNER WILLIAM L. Straus, Jr. 
PHitip M. Morse Epwarp L. Tatum 


Editorial Staff 
WoLrFLe, Executive Officer 
GraHAM DuSnane, Editor 
JOSEPH TURNER, Assistant Editor 
Rosert V. OrMES, Assistant Editor 


BETHSABE ASENJO, CHARLOTTE F, CHAMBERS, SARAH 
S. Dees, Nancy S. HAMILTON, OLIVER W. HEat- 
WOLE, YUKIE Kozal, Howarp MARGOLIS, ELLEN 
E. Morpuy, ELveanor D. O’Hara, Nancy TEI- 
MOURIAN, Davip A. TEMELES, Lois W. Woop- 
WORTH 


Eart J. ScHERAGO, Advertising Representative 


SCIENCE, which is now combined with THE 
SCIENTIFIC MONTHLY, is published each Fri- 
day by the American Association for the Ad- 
vancement of Science at National Publishing 
Company, Washington, D.C. The joint journal is 
published in the SCIENCE format. SCIENCE 
is indexed in the Reader’s Guide to Periodical 
Literature. 


Editorial and personnel-placement correspond- 
ence should be addressed to SCIENCE, 1515 
Massachusetts Ave., NW, Washington 5, D.C. 
Manuscripts should be typed with double spac- 
ing and submitted in duplicate. The AAAS 
assumes no_ responsibility for the safety of 
manuscripts or for the opinions expressed by 
contributors. For detailed suggestions on the 
preparation of manuscripts and illustrations, see 
Science 125, 16 (4 Jan. 1957). 


Display-advertising correspondence should be 
addressed to SCIENCE, Room 740, 11 West 42 
St.. New York 36, N.Y. 


Change of address notification should be sent 
to 1515 Massachusetts Ave., NW, Washington 5, 
D.C., 4 weeks in advance. If possible, furnish an 
address label from a recent issue. Give both old 
and new addresses, including zone numbers, if 
any. 


Annual subscriptions: $8.50; foreign postage, 
$1.50; Canadian postage, 75¢. Single copies. 35¢. 
Cable address: Advancesci, Washington. 


Copyright 1960 by the American Association 
for the Advancement of Science. 


SCIENCE 


Technical Decisions in Technical Hands 


In the last few years the Defense Department has come to appre- 
ciate more fully the importance of science to military technology as 
well as the importance of putting technical decisions in technical hands. 
The Defense Reorganization Act of 1958 established the new position 
of Director of Defense Research and Engineering—a kind of vice- 
president in charge of science—with a salary at the same level as that 
commanded by the Assistant Secretaries for the Army, Navy, and 
Air Force. And the first man to occupy the new position, Herbert 
York, is a physicist who is equipped to understand first-hand a good 
proportion of the technical matters that come his way. York, un- 
fortunately, suffered a heart attack a few weeks ago, and John Rubel 
of the Department has been named acting director while he is re- 
covering, but this may be an appropriate time to review recent devel- 
opments. 

Expressed in terms of direct obligations, the portion of current 
spending for which the new office is responsible is well over $5 billion. 
The main responsibility is to review all the technical programs initiated 
by the military departments, from basic research through the late de- 
velopment stage, which covers the very expensive construction and 
testing of prototypes of possible new weapons. Other responsibilities 
include an important advisory role in the procurement of weapons for 
actual operation and the authority to initiate, if there is a need, a 
certain number of scientific projects independently of the military 
departments. 

The office of Director of Defense Research and Engineering is an 
upgraded version of the short-lived office of Assistant Secretary for 
Research and Engineering, which was established in 1957 by com- 
bining the earlier offices of the Assistant Secretary for Research and 
Development and the Assistant Secretary for Applications Engineer- 
ing. The offices were combined to mediate differences between a scien- 
tific judgment centered in one office and an engineering judgment 
centered in the other, but the first man to hold the. joint office was 
not a scientist, nor was he noted for his rapport with scientists. Dif- 
ficulties concerning the extent of authority also arose shortly after the 
present office was established, but these were quickly settled. A dis- 
pute between York and the recently created Director of Guided Missiles 
was solved by dissolving the latter office, while a dispute with the 
Director of the Advanced Research Projects Agency was solved by 
bringing that agency under York’s jurisdiction. 

There is still in the Defense Department a vast structure of com- 
mittees advising on technical questions, although its form is changing, 
but the major decisions coming from the new office are York’s, based 
on his own grasp of the scientific issues involved. It is not surprising 
that York, as the maker of important decisions, has sometimes been 
criticized for placing his bets mistakenly. Thus George H. Mahon, 
chairman of the House Defense Appropriations subcommittee, said 
to him in the course of hearings this spring, “. . . there are those in 
industry and in Government who feel that you are placing a barricade 
before certain projects which they think are very important. I am sure 
that there are also those who feel that you are placing your stamp of 
approval on projects that are unsound. . .” 

But at the House hearings, and the Senate appropriations’ hearings 
too, York’s performance in office, and as a witness, sat very well with 
his interrogators. And if scientists familiar with defense problems are 
disturbed by this or that technical decision, they can be greatly cheered 
by the general course of events—J.T. 
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MEASUREMENT 


OF RADIOACTIVITY 


IN GAS 3 


CHROMATOGRAPHY 


| The Packard Model 830 Tri-Carb® Gas Fraction Collector 
enables quantitative collection of individual organic com- 
i | ponents in a gas chromatographic effluent stream. Precise 
: measurement of radioactivity in component peaks can be 

| 

i 


ee made after collection. 
@ An 8” diameter turntable holds up to 50 Tri-Carb Car- 


LINOLENAT 


tridges, each packed with silicone-coated scintillation crys- 
tals. Vapors leaving the gas chromatography mass detector 
LINOLEATE pass through the heated gas injection nozzle of the collector 

| and condense on the coated surfaces of the scintillation 
crystals. As the operator observes the beginning and com- 


oe — GLERTE pletion of each peak on the mass detector trace, he actuates 
—— | a control switch to change cartridges. Changing takes only 
STEARATE A a fraction of a second. 


| | After sample collection, the cartridges are placed in posi- 

tioning adapters in an Automatic Tri-Carb Liquid Scintil- 
lation Spectrometer for completely automatic counting. No 
sample preparation is necessary and up to 100 samples can 
be handled at one time. 

Counting efficiency for carbon-14 in Tri-Carb Cartridges 
is over 50%. Backgrounds for these cartridges in the Tri- 
| Carb Spectrometer are extremely low—less than 5 cpm. 
fevens Consequently, even peaks with very low activity can be 
| accurately measured in short counting periods. 

\ The Packard Model 830 Tri-Carb Collector is suitable 
Typical gas chromatogram trace showing mass peaks of fatty for use with any gas chromatograph using a nondestructive 


acid methyl esters. Superimposed on the mass trace, the bar mass detection system. 
graph indicates no radioactivity in any of the unsaturates. For literature, prices, and further information write: 


PALMITATE| 
{ 


MYRISTATE 


LAURATE | 


P.O0O.BOX 428-A, LAGRANGE, ILLINOIS 


[Pjackard] Instrument Company, Inc. | 
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CURRENT PROBLEMS IN RESEARCH 


Botanical Prospecting 


for Ore Deposits 


How plant chemistry is being used to aid the geologist 
in his search for metals at home and abroad. 


The world with its expanding popu- 
lations requires increasing supplies of 
metals. In the early days of this coun- 
try, metalliferous deposits cropped out 
at the surface and needed only to be 
hauled to the mill. Today the search is 
under way for the big deposits that are 
yet to be found under valley fill, gravel 
pediments, glacial moraine, and other 
types of blanketing soil cover or thick- 
nesses of barren rock. One answer to 
this search lies in geochemical means of 
prospecting the soils, waters, and plants 
for evidences of enrichment near ore 
deposits. Plant prospecting is being used 
increasingly on all continents, but the 
U.S.S.R. greatly surpasses all other 
countries in the development and use of 
botanical methods of prospecting in the 
world today. In this article (/) I shall 
consider the usefulness of plants in pros- 
pecting and the value of an increased 
domestic program of investigation in 
this field. 

Research in the development of bo- 
tanical methods of prospecting in this 
country dates only from 1946. Plants 
were used as indicators of economic 
deposits as early as 1828, but not until 
1937 was this method strongly recom- 
mended, by Dorn in Germany (2). 
Owing to the complexity of trace ele- 
ment analytical techniques, plant analy- 


The author is a geologist with the U.S. Geo- 
logical Survey in the Geochemical Prospecting 
Methods Division, Denver, Colo. 


2 SEPTEMBER 1960 


Helen L. Cannon 


sis was not seriously suggested as a 
prospecting tool until it was described 
by the Russian Tkalich in 1938 (3). 
He discussed both the use of indicator 
plants and plant analysis in prospecting 
and checked his ideas in the area of 
the Unvashinsk arsenopyrite deposits in 
the Far East. There he found that the 
amount of iron in the leaves of beach 
grass and the distribution of the plants 
defined the veins of ore. 

At the same time Palmqvist and 
Brudin of the Swedish Prospecting 
Company investigated methods of pros- 
pecting by spectrographic analysis of 
plant ash (4) and discovered a vana- 
dium-bearing shale in Sweden and a 
tungsten deposit in Cornwall (5). These 
pioneer studies were followed by inves- 
tigations of plant contents over nickel 
deposits in Finland (6), copper deposits 
in Norway (7), and chromite in 
Greece (8). 

Systematic use of botanical methods 
of prospecting began in the U.S.S.R. A 
geobotanist was included on all major 
Russian geological expeditions after 
1945, and in 1955 the Russian Ministry 
of Geology and Conservation made 
geochemical work of one sort or an- 
other mandatory for all geological ex- 
ploration parties. Thus, many plants are 
analyzed and geobotanical maps are 
made for many areas studied geologi- 
cally in the U.S.S.R. today. Under this 
intensive program plants have been 
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used to map geology, structure, ground 
water, saline areas, and salt domes and 
to search for deposits of boron, nickel, 
cobalt, copper, iron, chromium, and 
molybdenum. On-the-ground mapping 
and sample collections are regularly 
combined with low-level air photo map- 
ping along previously drawn grid lines. 
The color, shades, and pattern of the 
plant cover assist materially in mapping 
from a plane, but each type of vegeta- 
tion must also be carefully checked on 
the ground (9). Similarly, a program 
of combined geochemical and geologic 
mapping has been set up by the Cana- 
dian Geological Survey. Muskeg sam- 
pling will be used as a prospecting tool 
in northern Ontario (10). Geochemical 
prospecting studies on a less ambitious 
scale are being made by the French, 
Australian, Indian, Japanese, and United 
States governments and in universities 
of England, Canada, and the U.S. 

H. E. Hawkes reviewed the uses of 
vegetation in prospecting in 1957 (11). 
The principle of using plants in the 
search for economic deposits is based 
on the ability of plants to absorb and 
to be affected by high concentrations of 
metals from deposits at considerable 
depths or from a mineralized halo sur- 
rounding the ore. An area where there 
is a unique reaction of plant life in a 
region of ore deposits is called in the 
U.S.S.R. a biogeochemical province 
(12); within such a province endemic 
variations occur in distribution, species 
make-up, and chemical composition. 
Changes in plant chemistry commonly 
result in morphological and physiolog- 
ical changes. The following discussion 
illustrates the three ways in which 
plants are used in prospecting: (i) by 
the mapped distribution of particular 
species (indicator plants) most affected 
by the minerals sought; (ii) by the 
physiological and morphological changes 
in plants growing in mineralized ground 
(appearance); and (iii) by the differ- 
ences in chemical composition (plant 
analysis). Hawkes also discussed the 
advantages and disadvantages of using 
plants as a medium in prospecting and 
the future of botanical prospecting. 
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Prospecting by Indicator Plants 


Plant species whose distribution is 
affected by the chemical constituents 
of an ore deposit are called indicator 
plants. Geobotanical prospecting, or 
prospecting by studying these indicator 


plants, was proposed and tried out by 
several workers in different countries 
between 1880 and 1946. Only in the 
past 13 years, however, have indicator 
plants been seriously evaluated and 
used in systematic prospecting. Indica- 
tor plants have been called “universal” 


Table 1. Plants that have been used as indicators in prospecting. 


Family Genus and species Locality Reference 
Bitumen 
L Goosefoot Anabasis salsa Caspian Sea (20) 
L Goosefoot Salsola spp. Saltwort Caspian Sea (20) 
L Lily Allium sp. Onion California (44) 
Boron 
L Goosefoot Salsola nitraria Saltwort U.S.S.R. (24) 
L Goosefoot Eurotia ceratoides Winter fat U.S.S.R. (24) 
Plumbago Limonium suffruticosum Statice U.S.S.R. (24) 
Copper 
U Pink Gypsophila patrini Karum U.S.S.R. (13) 
L Pink Polycarpea spirostylis Pink Australia (45) 
U Mint Acrocephalus roberti Katanga (16) 
L Mint Elsholtzia haichowensis Elsholfeia China (15) 
U Mint Ocimum homblei Basil Rhodesia (17) 
U Moss Merceya latifolia Copper moss Sweden and (14) 
Montana 
& Poppy Eschscholtzia mexicana Calif. poppy Arizona (46) 
as Plumbago Armeria maritima Thrift Scotland (47) 
Gypsum 
L Buckwheat Eriogonum inflatum Desert trumpet Western U.S. (18) 
ic Loasa Mentzelia spp. Blazing star Western U.S. (18) 
Iron 
L Birch Betula sp. Birch Germany (48) 
L Guttiferae Clusia rosea j Copey clusia Venezuela (49) 
Lea 
L Grass Erianthus giganteus Beardgrass Tennessee (50) 
Phosphorus 
L Morning-glory Convolvulus althaeoides Bindweed Spain (48) 
Selenium 
U Legume Astragalus bisulcatus Poison vetch Western U.S. (51) 
U Legume Astragalus racemosus Poison vetch Western U.S. (51) 
U Legume Astragalus pectinatus Poison vetch Western U.S. (51) 
U Sunflower Oonopsis spp. Goldenweed Western U.S. (51) 
U Sunflower Aster venustus Woody aster Western U.S. (51) 
U Mustard Stanleya spp. Princesplume Western U.S. (51) 
Selenium and Uranium 
U Legume Astragalus pattersoni Poison vetch Western U.S. (18) 
L Legume Astragalus preussi Poison vetch Western U.S. (18) 
L Legume Astragalus sp. Garbancillo Andes (19) 
Silver 
L Buckwheat Eriegonum ovalifolium Eriogonum Montana (47) 
Zinc 
U Violet Viola calamineria (lutea) Zinc violet Belgium and (52) 
Germany 
L Saxifrage Philadelphus sp. Mock orange Washington (53) 


Table 2. Physiological and morphological changes in plants due to metal toxicities. 


Element Effect Reference 
Aluminum Stubby roots, leaf scorch, mottling (54) 
Boron Dark foliage; marginal scorch of older leaves at high concentrations; (54) 
stunted, deformed, shortened internodes; creeping forms; heavy 
pubescence; increased gall production (24) 
Chromium Yellow leaves with green veins (31) 
Cobalt White dead patches on leaves (30) 
Copper Dead patches on lower leaves from tips; purple stems, chlorotic leaves (55) 
with green veins, stunted roots, creeping sterile forms in some species (16) 
Iron Stunted tops, thickened roots; cell division disturbed in algae, resulting (55) 
cells greatly enlarged (56) 
Manganese Chlorotic leaves, stem and petiole lesions, curling and dead areas on 
leaf margins, distortion of laminae (54) 
Molybdenum Stunting, yellow-orange coloration (55) 
Nickel White dead patches on leaves, apetalous sterile forms (30) 
Uranium Abnormal number of chromosomes in nuclei; (28) 
unusually shaped fruits; (32) 
sterile apetalous forms, stalked leaf rosette (31) 
Zinc Chlorotic leaves with green veins, white dwarfed forms; (31) 
dead areas on leaf tips; roots stunted (55) 


\ 


if the given species always indicates the 
presence of a definite element and “lo- 
cal” if the plant acts as an indicator 
only within the limits of a given district 
(13). The species known to have been 
used in prospecting are listed in Table 
1, and are labeled as universal or local. 
This list does not include the 60 or 70 
additional plants that have been ob- 
served to prefer mineralized soil but 
for which no definite prospecting in- 
formation is available, or the many 
more plants that are tolerant of miner- 
alized ground but are not necessarily 
restricted to these soils. 

Zinc indicators, such as certain mus- 
tards and pinks, are featured widely in 
the early literature as occurring on the 
zinc dumps of Aachen, Germany, and 
in other previously discovered mineral- 
ized areas, but there are no authentic 
records of the discovery of ore by use of 
these plants. The plant families in which 
the European zinc indicator plants 
occur tend to grow around mine dumps 
and tailings of high zinc content in the 
United States. This localization may be 
due, however, to differences in acidity, 
sulfur content, or availability of major 
plant nutrients rather than to zinc. At 
any rate the European indicator Silene 
latifolia or bladder campion grows on 
the zinc-bearing limestone dumps of 
Franklin, New Jersey, and also on the 
copper-bearing acidic schists at Ely, 
Vermont. Lysimachia or \oosestrife, 
closely related to the Anagallis of Eu- 
rope, grows. on the zinc tailings at 
Friedensville, Pennsylvania. Arabidopsis 
thalianum, a cress closely related to 
Thlaspi of Europe, was also found 
there, growing on some old disinte- 
grated sacks of pure ZnO. The plants 
contained 9000 parts of zinc per mil- 
lion (dry weight) or about 6 percent 
in the ash. Amorpha canescens was ob- 
served to grow in the Wisconsin zinc 
district but, contrary to reports in the 
literature, not in mineralized ground. 
“Baptisia bracteata” or wild indigo, on 
the other hand, was restricted locally 
to the old lead diggings and could 
probably be used as an indicator. 

True copper indicators—those plants 
universally or locally restricted to 
copper-bearing soils—are considerably 
more abundant than zinc indicators and 
have been extremely useful in finding 
ore. The copper indicators belong main- 
ly to three plant groups: the Caryo- 
phyllaceae or pink family, the Labiatae 
or mint family, and the mosses. Three 
copper deposits have been located in 
Sweden by simply examining localities 
from which the herbarium specimens 
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of the “copper mosses” had been col- 


si lected (14). The copper indicators El- 
sholtzia haichowensis from China (/5), 
mt Acrocephalus roberti from Katanga 
va (16), and Ocimum hombiei from Rho- 
le desia (77) all belong to the mint family 
al. and are very useful in prospecting. The 
70 blue-flowered Ocimum homblei will not 
b- grow in soil containing less than 100 
ast parts of copper per million. The dis- 
in- 


tribution of this plant has led to the 
ad discovery of several ore deposits and is 
currently being mapped in both North- 
ily { ern and Southern Rhodesia by the 
Rhodesian Selection Trust. 


— Selenium indicator plants of the As- 
= tragalus genus have been used in this 
the | country to find uranium ores on the 
ind Colorado Plateau (78, plate 1). An 
ral- Astragalus is currently being mapped in 
tic | the Peruvian Andes by government 
> of scientists to locate radioactive hydro- 
ich | thermally altered areas (/9). As an aid 
ants 


in prospecting for oil, halophytes have 
nps been used as indicators in locating salt 
the domes around the Caspian Sea where 
be the salt domes are under a cover 500 to Chlorotic leaf pattern developed in a maple tree growing in copper-rich soil in Ely, 
lity, | 800 meters thick (20). Vermont. 
ajor Geobotanical prospecting does not 
_At ]| require an advanced knowledge of plant 
lene | taxonomy. It does require a systematic 
» ON | study of the species of plants growing 
; of | over known ore deposits in the district 
the | to be prospected as compared to the 
Ely, | species of a topographically similar area 
rife, | of nonmineralized ground. Once the 
Eu- } indicator plants are established, recogni- 
s at | tion of the indicator plants on day-to- 
opsis | day traverse is comparatively simple. A 
d to {| plan for prospecting by indicators in the 
ound § field has been outlined (21) as follows: 
sinte- 1) Drawing up of a complete geo- 
jants | botanical description of five or more 
mil- } standard sections (a small area where 
rcent | an intensive geologic study has been 
s ob- | made), covering (i) abundance of 
zinc | plants; (ii) flowering period of species; 
n the § (iii) vitality of plants; and (iv) species 
ound. | composition. 
O, on 2) Compilation of tables to show the 
cally | significance of plant communities as in- 
could | dicators. 
x Observation during low-level flights 
plants } and the use of air photos can aid ma- 
d to } terially in the mapping. Reconnaissance 
erably | flights commonly precede field studies 
rs and | on the ground (9). 
inding 
main- 
Caryo- | Prospecting by Lack of Vegetation 
ibiatae 
Three Prospecting by bare areas might be 
ted in | considered a negative indicator of ore. 
calities } At any rate some soils are so toxic that 


Chlorotic leaf pattern developed in a maple tree growing in copper-rich soil in Ely, 


cimens | 10 vegetation can grow, and these bare by a fault, in San Manuel, Arizona. 
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or open areas are useful in prospecting. 
Soils containing 8 to 14 percent of cop- 
per in some generally forested districts 
of the Congo have no tree growth but 
form open glades covered by shrubs 
and grasses (22). Bare areas are also 
used in prospecting for copper in 
Armenia and in Rhodesia (/3). A 
similar phenomenon is reported for 
areas of high iron content near pyrite 
deposits of upper Italy (23) and for 
rocks containing platinum in the Urals 
(73) and in the Transvaal (2). Bald 
spots are used in prospecting for boron 
where borates occur at the surface 
(24). 

In this country Isaac Tyson, Jr., was 
led to the discovery of chromium ores 
in Maryland and Pennsylvania in 1818 
by the comparative bareness of the 
serpentine area (25). Drained muck in 
New York State, in which no vegeta- 
tion can be grown, contains 10 to 16 
percent zinc (26) concentrated from 
ground water that drains nearby zinc- 
rich dolomites. Strontium sulfate was 
mined in Howard County, Arkansas, 
from areas devoid of trees in an other- 
wise heavily forested area (27). 


Prospecting by Changes 
in Appearance 


Morphological changes and symp- 
toms of physiological diseases in plant 
species growing in mineralized ground 
are also used to discover economic de- 
posits. Again, useful phenomena have 


Eriogonum ovalifolium, or silver plant, used as an indicator of silver veins in Montana. 
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Astragalus thomgsonae, or Thompson’s loco, an indicator of selenium and uranium in 


Utah. 


been studied most thoroughly in the 
U.S.S.R. Variations may be observed 
(28) in vitality, completeness of devel- 
opment cycle, growth and flowering 
cycle, growth abnormalities, changes in 
growth form, sexual sterility, and so on. 

On ground rich in boron many 
plants are two to three times their 
normal size and have a spherical shape 
and larger, greener leaves than normal 
(24). Some species acquire an ab- 
normal creeping habit. These character- 
istics are used as a guide in prospect- 
ing for new boron deposits. Striking 


changes in plants growing over oil de- 
posits were shown to be caused by 
bitumen in the soil (29). These in- 
cluded gigantism in 29 species, ab- 
normal growth of either lateral or 
terminal shoots, and a two-cycle flower- 
ing habit. To study these differences, 
height and diameter measurements were 
made of 50 to 100 specimens of each 
species. Where the number of ab- 
normalities was greater than 10 percent 
the soil was sampled for bitumen con- 
tent. 

Probably the most interesting mor- 
phological change observed in Russia 
is the effect on the vegetation of nickel- 
cobalt deposits in the southern Urals. 
Here an anemone, Pulsatilla patens, 
and a composite, Linosyris villosa, can 
be used as indicators because 60 per- 
cent of the plants on mineralized 
ground are abnormally white in color 
and produce apetalous forms (30). The 
change may be restricted to plants 
growing on serpentine rocks. 

The effects of radiation on plants 
near uranium deposits have been 
studied in this country. In ground con- 
taining radioactive uranium or thorium 
ore, Stanleya plants of the mustard 
family (37) produce abnormal apetal- 
ous flower stalks with no stamens and 
consequently no seeds. H. T. Shack- 
lette (32), in a study of the flora of 
Great Bear Lake, found blueberry 
plants with fruits of unusual and varied 
shape, each variation being limited to 
descendants of one plant. He also 
found fireweed flowers varying from 
pure white to magenta in the same 
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small area over radioactive ore. These 
genetic differences might well be used 
as indicators in prospecting. 

Nickel, copper, cobalt, chromium, 
zinc, and manganese in excess of 
normal concentrations interfere with a 
plant’s assimilation of iron, and there- 
by with the formation of chlorophyll, 
and thus produce chlorosis, or a yel- 
lowing of the leaves. In addition, an 
excess of any one of these elements 
may produce a characteristic pattern 
of dead tissue on the leaf. In Katanga 
the gradient of copper concentration is 
estimated by the relative stunting of 
Protea goetzeana; on extremely toxic 
soils a creeping sterile form develops 
(16). Chlorosis in crops that is due to 
an excess of zinc on high-zinc peats in 
New York State was used to trace for 
20 miles the extent of nearby zinc- 
bearing dolomites covered by a thick- 
ness of glacial till (26). The yellowing 
of trees rooted in soils of high zinc 
content has likewise been investigated 
in the Driftless area of Wisconsin and 
at Warren, New Hampshire, and has 
been used as a guide in prospecting 
for zinc in limestones of Missouri (33). 

Prospecting by physiological or 
morphological changes may require 
the ability to distinguish genetic 
changes in otherwise normal species or 
merely to recognize variations in color, 
size, or shape. Table 2 summarizes the 
changes in plants, due to excess of 
metals, that may be useful in prospect- 
ing. 


Prospecting by Plant Analysis 


Prospecting based on the analysis of 
plant material for metal content and 
the delineation of favorable areas from 
the anomalous values obtained has been 
called the biogeochemical method of 
prospecting. Plant analysis has been 
used much more extensively than any 
of the other prospecting methods. 
Plant analysis was first used from 
1938 to 1940 in prospecting for tung- 
sten and tin in Cornwall, for nickel in 
Finland, and for vanadium and tungsten 
in Sweden. In the middle 1940’s work- 
ers in the U.S.S.R., the United States, 
Cuba, Japan, the Far East, West Africa, 
and Canada began similar studies. In- 
vestigations by this method are sum- 
marized in Table 3. Deposits of 
uranium, zinc, tungsten, tin, arsenic, 
copper, and vanadium have been dis- 
covered by plant analysis; anomalous 
metal contents have been shown to 
correlate well with known deposits of 
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lead, manganese, molybdenum, nickel, 
chromium, and cobalt and poorly with 
silver. 

' Copper is perhaps the most unpre- 
dictable metal, as can be seen from 
the following series of events. Warren 
and Delavault (34) studied extensively 
the sampling techniques and sampling 
media best adapted to prospecting for 
copper and zinc in glaciated country 
in British Columbia. They found good 
correlations between the copper con- 
tents in the plants and those in the 


soils, although most of their studies 
were confined to areas of known 
mineralization. The Quebec Depart- 
ment of Mines (35) carried out a bio- 
geochemical survey over copper de- 
posits in Gaspé and found copper 
anomalies in twigs of balsam over both 
known and previously undiscovered ore 
bodies. 

Marmo (36) reported, on the other 
hand, that the concentration of copper 
in plants does not increase linearly. 
Small differences in the amount of 


Table 3. Prospecting by plant analysis. 


Locality Metal Element 


sought used Plant sampled Results* Reference 
Australia Xanthosteum paradoxus Good correlation (57) 
Canada Cu,Zn Cu,Zn Birch Good correlation (58) 
British Columbia Cu Cu/Zn Sagebrush, juniper Good correlation ~ (37) 
British Columbia Zn Zn Silver birch Good correlation (34) 
British Columbia Zn Zn Alder Good correlation (59) 
British Columbia Mn Mn Hemlock Good correlation (34) 
British Columbia Au Au Horsetails, trees Good correlation (60) 
British Columbia Ag Ag Horsetails, trees No correlation (60) 
British Columbia Ni Ni Fir, cedar Good correlation (61) 
British Columbia Mo Mo _ Balsam Good correlation (34) 
British Columbia Cu Cu/Zn Pine, fir Good correlation (38) 
Eastern Canada Cu,Zn Cu/Zn Alder, maple, birch, willow Used in prospecting (62) 
Quebec Cu Cu Balsam twigs Anomalies discovered (35) 
Cornwall, Wales WwW WwW Heather Anomalies discovered (4) 
Cornwall, Wales Sn Sn Heather Anomalies discovered (4) 
Cuba Ni Ni Vegetation Good correlation (63) 
Estérel (Pyrenees) U U Vegetation Good correlation (64) 
Far East As Fe Grass Veins defined (3) 
Finland Ni Ni Birch Good correlation (6) 
Finland Cu Cus Vegetation Correlations at low (36) 
concentrations, not 
at high 
Germany Ni Ni Birch, spruce, pine Good correlation (65) 
Greece Cr Cr Vegetation Good correlation (8) 
Japan U U Cypress, pine Good correlation (66) 
Nigeria Pb-Zn Pb Savannah trees Good correlation (42) 
Norway Cu Cu Birch, willow Too erratic to be use- (7) 
ful 
Sweden Vv Vv Birch, pine V-shale discovered (4) 
Sweden Pb, Zn Pb, Zn, Birch, pine Good correlation (8) 
Cu 
Sweden Pb-Ag Pb-Ag_ Tree cover No correlation (8) 
Sweden Mo Mo __ Tree cover No correlation (8) 
Sweden W WwW Tree cover No correlation (5) 
United States 
Arizona U Alpha Oak Good correlation (67) 
count 
Arizona Cu Cu Oak, mesquite Good correlation (68) 
Arizona Cu Cu —_—_ Cresote bush, oak Good correlation (69) 
Calif., Nevada Ba Ba Fir, manzanita Good correlation (70) 
Idaho Zn, Pb, Zn, Pb, Fir, pine, spruce Good correlation Zn, (50) 
Cu Cu Pb, poor correla- 
tion Cu 
Missouri Zn Zn Oak Good correlation (71) 
New Mexico U U Juniper, pine Anomalies discovered (72) 
New York Zn Zn Willow Defined Zn area (26) 
New York Pb, Zn Zn Birch, maple, hemlock Good correlation (73) 
Pennsylvania Pb-Zn Pb, Birch Good correlation (39) 
Cu /Zn 
Pennsylvania Zn Zn Vegetation Good correlation (74) 
Tennessee Mn Ni Oak Good correlation (75) 
Utah U U Juniper Anomalies discovered (31) 
Utah U Juniper, pinyon Anomalies discovered (76) 
U.S.S.R. Cu,Mo Mo _ Legumes Two major Cu discov- (77) 
eries 
U.S.S.R. Cu, Fe Fe Birch, fir Outlined Cu ore (78) 
U.S.S.R. B B Phreatophytes Good correlation (79) 
U.S.S.R. Ni Ni/Cu Grasses, herbs Good correlation (12) 
U.S.S.R. Co Co Grasses, herbs Good correlation (80) 
U.S.S.R. Cu Ni/Cu _ Grasses, larch New Cu discoveries (12) 
U.S.S.R. Cr Cr Grass Good correlation (12) 
U.S.S.R. Pb Pb Vegetation Good correlation (12) 
U.S.S.R. Mo Mo ‘Vegetation Good correlation (12) 


* “Correlation” signifies correlation between plant content and soil content over known mineralization. 
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copper in rock are reflected in plants, 
but beyond a certain threshold (which 
differs for different species), the copper 
concentration in plants ceases to re- 
flect the copper content of the bedrock. 
Further work (37-39) has shown that 
the copper-zinc ratio—rather than the 
zinc or copper values per se—outline 
anomalies most clearly for both zinc 
and lead deposits. Copper deposits have 
also been found in Europe by using the 
nickel-copper ratio and the molyb- 
denum and iron content in vegetation. 
Probably pathfinder elements should 
be seriously considered in prospecting 
for copper. 

In the United States, biogeochemical 
prospecting for uranium has been in- 
vestigated by the U.S. Geological Sur- 
vey in cooperation with the Atomic 
Energy Commission. Ten thousand 
trees were sampled in advance of drill- 
ing programs, much basic information 
was acquired, and several ore bodies 
were discovered by this method (3/). 
In addition to governmental research, 
several private companies have tried 
prospecting by plant analysis for cop- 
per, zinc, and manganese. The U.S. 
Geological Survey has studied the 
movement of metallic elements into 
shallow colluvium, soils, and plants 
over the Phosphoria formation in 
Idaho (40) to provide basic informa- 
tion for prospecting. Similar research 
programs are being carried on at the 
present time in Alaska over various 
types of metallic deposits and in Mary- 


Table 4. Average metal content in the ash of 
vegetation growing in unmineralized ground. 


Average 


No. of 

Element ‘ppm analyses 
Al 8610 80 
Fe 6740 482 
Mn 4815 1023 
Zn 1400 1763 
B 700 394 
Cu 183 2047 
Pb 70 1908 
Ni 65 858 
Vv 22 180 
Mo 13 616 
cr 9 462 
Co 9 512 
Sn <5 10 
Be <2 34 
Ag <1 308 
U 0.6 610 
Au < 0.007 32 


land over a series of nonmineralized 
formations. 

The plants that accumulate maxi- 
mum amounts of ore metals were first 
used in prospecting because the thresh- 
old of analytical detection was neces- 
sarily high; but these unusual accu- 
mulators have not proved to be the 
most desirable media for prospecting 
by plant analysis. Species of plants 
that are best for sampling are ubiquit- 
ous, have a deep root system, and 
show a fairly constant correlation be- 
tween plant composition and support- 
ing medium. The average metal con- 
tents in plant ash are given in Table 4. 
The compilation was derived from in- 
formation carded from the literature 


and from U.S. Geological Survey files 
on more than 1000 plant species. The 
number of analyses necessarily differs 
for each element. The values for mean 
content of the elements iron, man- 
ganese, aluminum, and boron are quite 
different from the figures commonly 
quoted in the literature because an at- 
tempt was made to include analyses 
from all classes of vegetation. Most 
averages previously given have been de- 
rived largely from edible herbaceous 
plants. 

Of prime importance in prospecting 
is the accumulation ratio (content over 
ore: content over nonmineralized 
ground). Variation in the ratio depends 
largely on the exchange capacity of the 
soil, on its acidity and structure, and 
on the species of plant sampled. The 
choice of a plant species for sampling 
depends not only on the distribution of 
the plant and the depth of penetration 
of the roots but also on the element 
being prospected. Average amounts of 
eight metals in five general types of 
vegetation (compiled from the same 
source as Table 4) are shown in Table 5. 
Clearly, grasses might be preferable 
to trees if chromium is the element 
sought, whereas the reverse might be 
true for zinc. Generally the plant spe- 
cies to be chosen for extensive biogeo- 
chemical sampling can only be estab- 
lished by preliminary sampling in an 
area. 

Sampling techniques have been con- 
sidered most carefully by Warren, Del- 
avault, and Fortescue (4/7), who point 
out that comparison should be made 
only between the same plant parts of 
the same age of the same species, and 
from the same height on the plant. 
They suggest further that second-year 
twigs may give more reproducible re- 
sults than first year twigs and _ that 
anomalies may be more pronounced 
when results are expressed in terms of 
ash rather than of dry weight. 

Most systematic sampling programs 
consist of sampling at 100- to 200-foot 
intervals after plants have been sam- 
pled over barren and _ mineralized 
ground to establish what species are 
useful and the cutoff above which 
values shall be considered anomalous. 
A safe maximum interval of sampling 
is considered by Webb (42) to lie be- 
tween one-half and two-thirds the mini- 
mum dimensions of the detectable 
dispersion halo. For preliminary recon- 
naissance this interval is commonly ex- 
ceeded. The values obtained may be 
plotted to outline mineralized ground. 
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Table 5. Average metal content in the ash of five types of vegetation growing in unmineralized ground, in parts per million. Figures in 
parentheses show the number of analyses used in the calculations. 


Vegetation Cr . ee Ni Cu Mo Pb Vv 
Grasses (above ground) 19 (30) 10 (30) 54 (28) 119 (102) 850 (62) 34 (32) 33 (29) 25 (4) 
Other herbs (above ground) 10 (139) 11 (192) 33 (226) 118 (429) 666 (355) 19 (217) 44 (311) 23.5 (39) 
Shrubs (leaves) 14 (67) 10 (70) 91 (182) 223 (853) 1585 (735) 15 (104) 85 (877) 25 (46) 
Deciduous trees (leaves) 5 (100) 5 (101) 87 (209) 249 (293) 2303 (278) 7 (118) 54 (339) 16 (14) 
Conifers (needles) 8 (120) <7 (119) 57 (213) 133 (370) 1127 (333) 5 (145) 75 (352) 21 (77) 
Total 9 (462) 9 (512) 65 (858) 183 (2047) 1400 (1763) 13 (616) 70 (1908) 22 (180) 


Methods of analysis depend upon the 
element, but those commonly used are 
fast and inexpensive. Present-day meth- 
ods of the proper sensitivity for most 
elements are either spectrographic or 
colorimetric. A high degree of accu- 
racy commonly is sacrificed in the 
interest of speed. Ideally, 30 samples 
or more should be collected and ana- 
lyzed in a day with an accuracy of 
about +30 percent. Plant materials re- 
quire the additional step of ashing, 
which can sometimes be done in small 
dishes on an ordinary charcoal broiler 
designed for backyard picnics. 

Colorimetric quick tests have been 
developed by the U.S. Geological Sur- 
vey for copper, lead, zinc, cobalt, tung- 
sten, mercury, molybdenum, uranium, 
silver, and nickel in soils, and many of 
the tests have been modified for plant 
analysis. Both the Soviet Union and the 
United States have government-owned 
mobile spectrographic units for field 
use (43). This method of analysis is 
extremely useful for most common ele- 
ments with the exception of tellurium, 
uranium, sulfur, selenium, and _ possi- 
bly zinc. A two-man crew can complete 
30 determinations on 20 to 30 samples 
a day. 


Comparison of Botanical and Other 
Geochemical Prospecting Methods 


Botanical prospecting methods have 
some disadvantages not encountered in 
soil prospecting. The absorption of 
metals by plants is a very complex phe- 
nomenon and is dependent on many 
soil and plant factors that require in- 
terpretation. The depth to which pros- 
pecting by plants is effective depends 
upon the root penetration. The irregu- 
larity of distribution of the various 
species also makes sample collection 
difficult and requires, in many cases, 
the use of conversion factors from one 
species to another. Still other disad- 
vantages of biogeochemical prospecting 
are the necessity for ashing the sample 
and the difficulty of obtaining a thor- 
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oughly mixed ash sample for analysis. 
Finally, a major disadvantage in geo- 
botanical prospecting is the need for 
personnel with botanical training. A 
keen observer of plant differences who 
lacks such training may do a good job, 
but a man with botanical training usu- 
ally does a better one. 

In some situations, on the other hand, 
plant sampling is superior to soil sam- 
pling. The depth of penetration of the 
roots may permit the sampling of a 
deep horizon not accessible by surface 
soil sampling; and if there is an accu- 
mulation of metals in the ground water 
from a dispersion halo, phreatophytes 
whose roots penetrate to the ground- 
water table may be a very useful tool. 
Plant sampling also eliminates the pos- 
sibility of interference from transported 
surface soils and permits prospecting 
in areas where residual soil is either 
nonexistent or varied. The amount of 
ground sampled both vertically and 
horizontally by a given tree represents 
a much larger area than that of a given 
soil sample. Finally, where indicator 
plants can be used, geobotanical pros- 
pecting is superior to all other methods 
because no analytical work is required 
and maps of mineralized ground may 
be drawn directly from observation of 
the plant’s distribution. 


Current Status 


Rapid advances in botanical methods 
of prospecting for metals are being 
made in the U.S.S.R., and in several 
other countries at the present time. Be- 
cause of a lack of organized research 
in this field, the methods are developing 
much more slowly in the United States. 
Several avenues of research concerning 
the relations between plants and ore 
deposits could be investigated profitably 
to further the search for buried ore 
deposits. The absorption of elements 
by various plant groups, and in various 
soil environments, should be studied in 
greater detail, and the information 
should be compiled and disseminated 


to those who are to sample plants. A 
systematic botanical search should be 
made around every type of mineral de- 
posit for indicator plants, both univer- 
sal and local, that can be used in pros- 
pecting. And last, we need to develop 
better and cheaper methods of plant 
analysis to aid the prospector in his 
search for hidden ore deposits. 
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by scientific developments in winning 
the war. It gained added strength from 
the rivalry of the chief powers in the 
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Science Foundation in 1950, and grow- 
ing attention to the utilization and train- 
ing of American scientists. The past 
two years have seen a flurry of added 
excitement and anxiety as the American 
public came to perceive that in at least 
some scientific and technological re- 
spects the Russians have exceeded us, 
and that in advanced education they 
are far outstripping us in quantity of 
trained personne! if not in the quality. 
General concern has led to another un- 
precedented increase in the effort to 
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hold our own by subsidizing scientific 
research and development and by im- 
proving the educative process that per- 
mits further growth. The National De- 
fense Education Act, vast increases in 
appropriations to existing agencies for 
science education and _ scientific re- 
search, and new roles of science in the 
political sphere alike show what enor- 
mous concern about these problems 
now prevails in the executive and legis- 
lative branches of our government and 
in the political life of our people. 

In late 1958, the President’s Science 
Advisory Committee issued highly 
significant report entitled Strengthening 
American Science, and last year fol- 
lowed it with recommendations for Ed- 
ucation for the Age of Science. Curric- 
ulum studies in physics, mathematics, 
biology, and shortly in other sciences 
are revising secondary school courses 
and preparing textbooks and laboratory 
programs of novel kinds. Soon these 
efforts will lap over into the teach- 
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ing of mathematics and science in 
the elementary grades; the college 
courses are in for remodeling, too. 
Television finds a place for early morn- 
ing classes in physics, chemistry, and 
biology, dramatized and taught by lec- 
ture and demonstration. Complete 
courses are being put on color film— 
for example, 60 in high school physics, 
120 in biology, 48 in college genetics. 
Summer science institutes multiply 
(there were 348 of them in 1959); 
academic year institutes for science 
teachers are rapidly taking hold (there 
were 32 of them in the past academic 
year); programs of visiting scientists, 
traveling science libraries, demonstra- 
tion science teachers, and science clubs 
vitalize the local scene; summer fel- 
lowships, graduate fellowships, post- 
doctoral fellowships, senior postdoctoral 
fellowships, and science faculty fellow- 
ships inject vitamins and hormones into 
the teachers and their crops of future 
scientists. James Bryant Conant investi- 
gates the status of the comprehensive 
high school, and Admiral Rickover 
damns the frills and demands more 
solid education. The ferment is per- 
vasive. It has clearly not left the aca- 
demic world of higher education un- 
affected. 


Numbers and Status 


It is surely time to take stock of the 
altering status in education of the aca- 
demic scientist (that is, the scientist 
holding an academic post)—time to ap- 
praise the influence upon university and 
college education, as a whole, of the 
new emphasis on science and tech- 
nology. What reorientation of existing 
relations is required? What developing 
imbalances necessitate compensatory 
emphasis elsewhere? Is there truly a 
danger that other, essential aspects of 
education will be so neglected that our 
social structure will resemble a giant 
on puny legs? 

Census figures for the decade from 
1941 to 1950 show that workers in 
science and technology were rapidly 
overhauling teachers as the largest of 
professional groups (/). In that decade 
the scientists and engineers almost 
doubled in numbers, while the teachers 
increased by only 10 percent. (It is 
worth noting that the census put per- 
sons who were both scientists and 
teachers into the category of teachers.) 
If there has been anywhere near a pro- 
portionate increase in the decade 1951-— 
60, professional workers in science and 
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technology now greatly outnumber both 
teachers and professional workers in 
health and constitute about 30 percent 
of the entire professional element of 
our population (6 to 7 million per- 
sons). The task of the academic scien- 
tists is to continue to train this rapidly 
growing body of professional people, 
even though their own numbers are 
increasing much more slowly. 
Full-time teachers in universities, 
colleges, and junior colleges are esti- 
mated (by the National Education As- 
sociation) to number at present about 
250,000 persons, of whom 78,000 are 
teachers of science and mathematics 
(31.2 percent) (2). To these should 
be added some 3000 teachers of den- 
tistry and 10,350 full-time teachers in 
medical schools, to make a total of ap- 
proximately 91,000 (3). The annual 
output of persons with doctor’s degrees 
in the sciences and mathematics (ex- 
clusive of dentistry and medicine) was 
4611 in 1956-57 and amounted to 52.6 
percent of doctor’s degrees in all aca- 
demic subjects (exclusive of law, den- 
tistry, and medicine) (4). These figures 
seem to indicate that there is an espe- 
cially critical shortage of college and 
university teachers in the sciences and 
mathematics, since less than one-third 
of the teachers are producing half of 
the output of college graduates and 
Ph.D.’s. This is as would be expected 
in a rapidly expanding professional 
field. Although the temporary strain is 
severe and the inducements extended to 
new Ph.D.’s in the sciences to enter in- 
dustry or government work are great, 
we may nevertheless expect to see in a 
decade or so a relative increase in the 
numbers of academic scientists until 
they make up fully half of the entire 
college and university teaching force— 
if we include dental and medical teach- 
ing, perhaps two-thirds. This prediction 
follows from the simple assumption 
that a rough proportionality will be 
maintained between the teaching force 
in any field and the number of under- 
graduate majors and graduate students 
enrolled in it. The National Education 
Association forecasts do not agree with 
this prediction, for the reason that they 
assume that growth in number of teach- 
ers in each academic field will simply 
be proportional to the present number. 
No account is taken of the dispropor- 
tionate increase in the growth of dif- 
ferent professions. It is estimated that 
by 1970 there will be over 6 million 
students enrolled in our colleges and 
universities, who will require approxi- 
mately 400,000 college and university 


teachers. But to train an additional 2 
million professional scientific and tech- 
nological workers in that decade, over 
and above the present 2 million, will 
require 125,000 additional academic 
scientists; this, plus the present number, 
will total more than 200,000. In so far 
as the majority determines policy, it 
follows that the views of the academic 
scientist are of critical importance to all 
of us in college and university teaching, 
in respect to the nature of the curric- 
ulum, the maintenance of academic 
freedom and tenure, and the unity of 
our profession in all other policies and 
objectives. Narrow, illiberal views, lack 
of educational perspective, or simply a 
tendency to overspecialize on the part 
of this prospectively dominant group 
may jeopardize our cherished principles. 


New Economic Status 


In economic status the academic 
scientist is faring considerably better 
than his colleague in the humanities or 
social studies. There are three principal 
reasons for this. First, the demand on 
the part of industry, and to a smaller 
extent of government, for trained per- 
sonnel in the sciences, engineering, and 
mathematics has made it not uncom- 
mon for a young man just receiving his 
Ph.D. degree to step into a position 
carrying a considerably higher income 
than that of the associate professor, or 
even the full professor, who has trained 
him. The academic engineer, geologist, 
or physicist may smile somewhat wryly 
at this and console himself with 
thoughts of the nonmonetary compen- 
sations of a university or college post; 
and in the end his position, too, is 
bettered financially because of the law 
of supply and demand. Administrators 
have long since recognized that in order 
to have any engineers, geologists, mathe- 
maticians, physicists, or chemists of 
standing on their faculties whatsoever, 
they must remunerate them on a dif- 
ferent scale from that applicable to 
teachers of history, languages, or litera- 
ture. Psychologists have recently come 
to profit more and more from the same 
pressures. Only biologists, among the 
scientific groups, seem less favored, be- 
cause industry has had less demand for 
them (except in the pharmaceutical 
industry), and because the applied 
branches of biology—medicine and 
agriculture—are recognized as distinct 
professions or occupations. 

The second economic factor that en- 
hances the status of the academic scien- 
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tist is the availability to him of outside 
work as a consultant. Individuals who 
are in considerable demand can more 
than double their university salaries in 
this way, although they pay the price 
for it by overworking on weekends and 
at night until health and sanity may 
suffer. 

The third and final factor is one that 
has developed since World War II, in 
connection with federal research grants 
or contracts. This is the factor of the 
“research salary,” originally allowed to 
academic scientists on 9 or 10 months’ 
university duty, who were free to spend 
1 or 2 months of their summer time un- 
interruptedly upon their government- 
supported research program. Research 
salary was therefore figured at the 
equivalent of the monthly college or 
university salary. Later, because this 
obviously worked to the disadvantage 
of scientists on 12-month annual ap- 
pointments, who might actually be de- 
voting just as much time to the research 
program as those nominally on 9-month 
appointments, the system of payment 
was made more flexible by considering 
it as compensation for a definite frac- 
tion of the scientist’s total 12-months’ 
working time. Thus, an academic scien- 
tist may now receive, as additional 
salary connected with a government 
grant or contract, as much as one-third 
of his academic salary. (There are still 
inequities among scientists and institu- 
tions in the application of the rules, 
and some scientists feel strongly that 
the whole system is a pernicious one. 
It seems, nonetheless, to have become 
deeply entrenched. Although not prop- 
erly regarded as institutional compensa- 
tion, research salary is all too readily 
regarded as such, both by recipients 
and by administrative officers.) 

For all of these reasons, members of 
the science faculties possess a consid- 
erable economic advantage over their 
colleagues, except for the occasional 
writer of a book that becomes a best- 
seller or is widely adopted for use as a 
textbook, or the economist, for ex- 
ample, who obtains numerous fees as 
a consultant. The resulting situation is 
one that has long had a parallel in our 
medical schools, where very often the 
professors of clinical subjects have out- 
side practices and may enjoy large in- 
comes while the professors of the pre- 
clinical subjects are forced to the level 
of an ordinary professor’s income. In 
a few medical schools, such as the 
Johns Hopkins Medical School, stren- 
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uous efforts have been made to correct 
the inequity. On the one hand, the 
salaries of professors of the preclinical 
sciences in the medical school have 
been raised until they are considerably 
higher than those in the Faculty of 
Philosophy, even in the natural sciences. 
On the other hand, full-time clinical 
professors are required to serve the uni- 
versity full time at regular professional 
salaries and to limit their private prac- 
tice to their outside time, much as other 
professors do consultant’s work. We 
may expect, I think, that similar poli- 
cies and procedures will be required 
more nearly to equalize the economic 
status of the scientists and nonscien- 
tists on our faculties. The general prin- 
ciple which might well serve is that, 
regardless of supply and demand, equal 
service should be rewarded with equal 
compensation throughout the, several 
professorial ranks. 


Modest Empires 


The picture of the academic scientist 
of 1960 is not complete without some 
further description of the modest em- 
pires over which many of them now 
preside. Let us consider an example. 
In 1940, an assistant professor of bi- 
ology, a fairly typical scientist, had no 
special funds for his research. An 
amount not exceeding $100 annually 
came from the departmental budget and 
was used for consumable supplies. He 
had for his use one moderately good 
compound microscope and one good 
binocular dissecting microscope. He 
made all his own media, did his own 
sterilizing in a Sears Roebuck pressure 
cooker, kept his own stocks without 
assistance, and was grateful for some 
help in washing up the glassware. With- 
out even a chest to run at a controlled 
temperature, he worked during the hot 
summer weeks in a dusty, normally 
unused, but cool basement room. Still 
the research went on, in spite of the fact 
that perhaps 80 percent of the scien- 
tist’s time was spent in routine chores. 
In 1960 the professor has charge of two 
research laboratories, both supported 
by funds from the federal government. 
A senior research associate operates 
one of these laboratories semi-inde- 
pendently, with a research assistant to 
aid him. Two research assistants work 
in the other laboratory. In addition, 
there are two part-time laboratory as- 
sistants to wash bottles, keep animals, 


and prepare media. The annual re- 
search budget of the group is close to 
$50,000, not including the scientist’s 
university salary, and none of this sum 
comes from the regular department 
budget. There is no lack of equipment. 
There are compound microscopes of 
the best quality; binocular dissecting 
microscopes for each worker; phase 
microscopes; photomicrographic equip- 
ment; an x-ray machine; a cold room; 
constant-temperature incubators,  re- 
frigerators, and deep-freeze; air-condi- 
tioning for the laboratories; special 
supplies of chemicals; special rooms 
and equipment for preparing and 
sterilizing media and washing glass- 
ware; animal quarters—in short, every- 
thing that is really needed for an ex- 
perimental program of some size. 

One might be moved to say, “But 
this is exceptional. It reflects seniority 
as well as the change of the times.” On 
the contrary, junior members in the 
same department are about equally 
well established. The changed situa- 
tion is perhaps best reflected in the 
departmental budget, which at the end 
of World War II was about $70,000 per 
annum and today is close to $1 mil- 
lion, while the size of the staff has per- 
haps doubled. This is not atypical of 
science departments in our larger uni- 
versities, although colleges where re- 
search is quite secondary to teaching 
have not altered greatly. True, govern- 
ment grants or contracts for research 
are open to every applicant on the 
basis of merit, but heavy teaching loads 
often prevent faculty scientists from 
capitalizing on the opportunity. The 
cleavage is thus deepening between col- 
leges which are primarily teaching in- 
stitutions and universities where teach- 
ing is secondary to research, whether 
the criterion is expenditure or staff 
time. 


Federal Support of Research 


The involvement of the universities 
and the academic scientist in govern- 
ment-subsidized research has _ been 
sketched elsewhere. Perhaps few per- 
sons, outside of the government agen- 
cies which grant funds and the science 
departments which are the recipients, 
actually realize the extent to which mat- 
ters have gone. According to statements 
of the National Science Foundation, 
last year over 10 billions of dollars were 
spent in the United States for research 
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and development. Of that vast amount, 
less than 8 percent was for basic scien- 
tific research, most of which is done in 
the universities and colleges. Yet even 
8 percent means an annual sum that is 
over $800 million, and in addition there 
are large sums for science education in 
the form of fellowship programs, sum- 
mer and academic-year institutes, and 
the like. The President’s Committee on 
Education beyond the High School 
estimated that as a nation we are cur- 
rently spending $3 billion annually for 
higher education. It seems reasonable to 
suppose, therefore, that approximately 
one-fourth of the entire budget for 
higher education is now coming from 
the federal government in the form of 
funds for scientific research and science 
education. Since many institutions are 
still but little involved in these pro- 
grams, others must be so largely sup- 
ported by them that in fact, public or 
private, they would collapse if federal 
aid were to be withdrawn. 

In return for the abundant financial 
aid now available from governmental 
agencies and private foundations, the 
scientist must give ever more freely of 
his time to serve on innumerable ad- 
visory committees and panels for judg- 
ing the relative merits of applications 
for research grants and for fellowships 
—undergraduate, graduate, postdoc- 
toral, and even more senior. There is 
today a sort of scientific Washington 
Merry-Go-Round where the scientists 
who form these boards, committees, 
and panels meet their friends and, from 
time to time, exchange places. To be 
sure, it is gratifying that the govern- 
ment agencies consult the scientists 
themselves in making awards. No 
scientist would choose to be judged 
other than by his own peers. The very 
multiplicity of the granting agencies 
and their panels, moreover, provides a 
guarantee that everyone will have a 
good opportunity to win a prize, since 
if one agency fails to award the guer- 
don, another is very likely to be more 
generous. It is in fact a common prac- 
tice for suppliant scientists to present 
the same application for support to two 
or even three different agencies simul- 
taneously; or one may divide up his 
program into several parts, for each of 
which support is sought from a separate 
source. No sense in putting all one’s 
eggs in one basket! The government 
agencies, of course, exchange informa- 
tion about these applications and note 
the divergence or agreement in the 
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opinions of their panels—which is all 
to the good. (Nongovernment agencies 
are less in the know in this respect, 
since they tend to operate more inde- 
pendently.) The drawback of this fair, 
but elaborate, system lies in its demand 
upon the academic scientist for an ever- 
increasing proportion of his one price- 
less and most strictly limited commod- 
ity, his time. The time spent in prepara- 
tion and travel to and from panel and 
committee meetings adds to the time 
of the sessions themselves; these are 
scarcely over when it is time to make 
an annual report and reapply for the 
renewal of some grant. Between these 
activities the best part of a month is 
consumed, to be followed by a second 
and even a third round on the part of 
many hard-pressed participants. To 
withdraw from the game, once fully 
in course, is almost impossible. There 
are both tangible and intangible re- 
wards for committee and panel service; 
and a thriving research program not 
only involves the livelihood of research 
assistants and the support of graduate 
students but is, after all, the very life 
of the academic scientist, perhaps more 
than his classroom teaching. 


Aid to Education 


Another development growing out of 
the current recognition by government 
of the importance of science is the 
budding and burgeoning of programs 
for the improvement of science educa- 
tion. These have commonly begun by 
focusing on the high school curriculum, 
but they soon spread to comprehend 
all the years from the earliest elementary 
grades to the college and graduate 
years. It quickly becomes evident that a 
solid improvement in the high school 
course must needs be based on good 
teaching and improved content in the 
earlier years; and the problem of edu- 
cating and preparing teachers to use 
new methods and deal with modern 
scientific concepts in the high school, 
and earlier, takes the planners immedi- 
ately into the area of the college and 
the problems of accreditation of schools 
and certification of teachers. 

The first of these large-scale pro- 
grams was that of the Physical Science 
Study Committee, begun in 1956 and 
now at the final stage of producing 
a physics course for the high school 
—a course that has already been tried 
and tested with success in many schools. 


A series of textbooks embodying a 
radically new approach to the elemen- 
tary study of physics has been com- 
pleted and is already in widespread use. 
The Physical Science Study Committee 
has also prepared laboratory programs, 
guides to demonstration, films, and 
separate paperback monographs for 
supplementary topics. Shortly after the 
Physical Science Study Committee had 
begun work, the School Mathematics 
Study Group was organized to rehabili- 
tate and revitalize the teaching of sec- 
ondary school mathematics. It has al- 
ready prepared novel and interesting 
courses for the junior as well as the 
senior high school years, six courses in 
all. 

Last year the Biological Sciences 
Curriculum Study was initiated, again 
with funds from the National Science 
Foundation, and it has begun to 
formulate new biology courses, especial- 
ly for the tenth grade, although atten- 
tion is already being directed toward 
the eighth grade, as well. A very origi- 
nal “block” program in which experi- 
ments in the laboratory will lead direct- 
ly to real scientific inquiry on the part 
of students organized into pairs and 
squads is proposed to replace a num- 
ber of weeks of routine classroom and 
laboratory surveys of the subject mat- 
ter. 

Several smaller curriculum com- 
mittees are working in various subjects. 
Probably an effort similar to the three 
major curriculum studies will soon be 
directed at the improvement of chemis- 
try teaching. For our present purpose 
the important thing to note is that these 
organized studies are of unprecedented 
magnitude, both in terms of money 
spent on them, amounting to a total of 
perhaps $5 million per annum, and, 
even more significantly, in terms of the 
large numbers of academic scientists 
involved in them. 

The day of the college or university 
scientist who held himself profession- 
ally aloof from the problems of ele- 
mentary and secondary school teaching 
has ended. The realization has been 
sharply forced upon us that the founda- 
tion of good college and graduate 
training in the sciences, as well as our 
supply of scientific manpower, depends 
on the excellence of science education 
throughout the elementary and second- 
ary school systems. The outcry against 
the practice of training teachers how 
to teach but giving little attention to 
teaching them what to teach has roused 
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the conscience of many a college or uni- 
versity science teacher who has until 
now been satisfied to teach his classes 
with only future physicists, mathemati- 
cians, or biologists in mind. This is 
demonstrated by the willingness and 
enthusiasm with which the college sci- 
entists have responded to the oppor- 
tunity to participate in these curriculum 
studies. To use the Biological Sciences 
Curriculum Study, which I know best, 
as an example, its full-time staff con- 
sists of several university scientists on 
leave of absence; its steering commit- 
tee of 27 persons includes 17 academic 
scientists; its working committees in- 
clude many more; the writing confer- 
ence it held this summer in order 
to prepare materials for classroom trials 
in 1960-61 comprised 30 college 
and university scientists as well as 30 
high school biology teachers. This 
represents, I think, a fair indication of 
the growing numbers of academic sci- 
entists who are involved in such pro- 
grams. The zest with which they are 
meeting this challenging opportunity 
must be seen to be believed. 

A similar development is a biology 
film course (120 films of 27 minutes 
each) initiated by the American Insti- 
tute of Biological Sciences and intended 
to aid in meeting the growing critical 
shortage of trained science teachers. 
In the preparation of these films well 
over a hundred academic scientists 
have been called upon to contribute 
material for scripts, to act as consult- 
ants, and to serve as critics in the re- 
editing of the preliminary films. Still 
another program is that of “visiting 
lecturers,” a selected group of college 
and university scientists whose travel 
expenses and honoraria are paid by the 
American Institute of Biological Sci- 
ences or some similar agency, with 
funds granted by the National Science 
Foundation, and who visit the smaller, 
more isolated colleges for several days 
at a time to lecture, take part in 
seminars, advise students, and in gen- 
eral carry the breath of the advancing 
front of science to those who otherwise 
might think that the natural sciences 
are simply static bodies of knowledge, 
crystallized into unalterable laws. More 
and more frequently these visitors are 
including the local high schools in their 
tours. 

All of these developments in science 
education are obviously of great bene- 
fit, on the one hand to the nation, on 
the other to the participating scientists 
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themselves. They do, nevertheless, re- 
quire time, time, and more time. They 
take the scientist out of his own class- 
room and out of his laboratory. The 
very function to be served demands the 
academic scientist and no substitute; 
yet the increasing number of calls made 
on him make it less and less possible 
for him to remain an academic scien- 
tist. 


In Politics To Stay 


In the past two decades the academic 
scientist has become increasingly in- 
volved in politics. That was inevitable, 
from the day the Manhattan Project 
was initiated. It became quite apparent 
with the exploding of atomic bombs 
over Hiroshima and Nagasaki. The 
atomic scientists were for the most part 
academic people on leave from their 
posts, from Robert Oppenheimer down 
to the youngest Ph.D.’s. The formation 
of the Federation of American Scien- 
tists and the foundation of the Bulletin 
of the Atomic Scientists were symptoms 
of the awakened political conscience 
of men appalled at what they had let 
loose in the world. The secret prepara- 
tions for chemical and biological war- 
fare embroiled chemists and biologists 
in the same schizophrenia that the con- 
science-stricken physicists were in. The 
era of nuclear testing brought more 
and more scientists into the prolonged 
argument over the relative weight to be 
given the need for military security and 
the harm done by radioactive fallout. 
Linus Pauling and Edward Teller be- 
came familiar figures to Americans. 
Meanwhile the disloyalty and defection 
of a few scientists engaged in secret 
work made it all the easier for the late 
Senator McCarthy to hale academic 
scientists before his committee and to 
pry into their political opinions. A rash 
of “loyalty oaths” and disclaimer af- 
fidavits spread round the land, un- 
fortunately to remain with us long after 
the hysteria of the McCarthy era had 
died down. 

Scientists have become increasingly 
concerned about the effect of security 
regulations on the rate of scientific ad- 
vance. In 1958 the House Special Sub- 
committee on Government Information 
concluded that “the Federal Govern- 
ment has mired the American scientist 
in a swamp of secrecy” and that classi- 
fication of scientific information played 
a real part in “the nation’s loss of the 


first lap in the race into space.” A year 
later the Constitutional Rights Subcom- 
mittee of the Senate Judiciary Commit- 
tee made public letters from 17 Ameri- 
can Nobel prize-winning scientists, who 
agreed almost unanimously that undue 
secrecy is gravely impeding scientific 
progress and development in the United 
States. It is obviously much easier to 
classify a paper as top-secret than it is 
to declassify even the most innocuous 
or ancient document. I have myself had 
the experience of preparing for the 
State Department, after a tour of sci- 
entific visits in West Germany in 1950- 
51, a report which was so rigorously 
classified that after it was once handed 
in I was never able to see it again, 
since I was not sufficiently cleared to 
be allowed to examine such top-secret 
information. Although that report is 
antiquated beyond any conceivable re- 
maining value after the passage of 10 
years, no efforts to get it and similar 
reports declassified for general scientific 
reference have ever succeeded. 

The disease of secrecy is probably 
even more serious in other agencies, 
such as the Atomic Energy Commis- 
sion and the Department of Defense, 
and many similar anecdotes could be 
told. Orders to declassify and refrain 
from classifying have made only a little 
dent in the monolithic system of 
secrecy. Last summer, when an inter- 
national scientific conference was held 
at Pugwash in Nova Scotia on the 
dangers of chemical and_ biological 
warfare, no chemists or biologists who 
had been at all recently associated with 
such activities could be found to par- 
ticipate. The most personally informed 
scientist in attendance had been dis- 
sociated from such work for no less 
than 12 years. It is no wonder that, as 
a consequence, the academic scientists 
discussing such a problem are very 
academic and theoretical indeed. The 
experts who are really informed about 
actual developments are unable to 
speak. The consequence, as in the 
nuclear area, is that representatives of 
the military services can make almost 
any claims they wish without fear of 
contradiction. Let us honor, therefore, 
such scientists as Linus Pauling, Ralph 
Lapp, Eugene Rabinowitch, and others 
who have run the risk of being some- 
times egregiously in error in order to 
dispel the miasma of secrecy that is 
choking scientific advance. 

Let me say, parenthetically, that | 
do not at all wish to imply that ! 
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advocate any weakening, during these 
critical times, of the free world’s 
strength. Obviously, one can negotiate 
only from a position of strength. But it 
may be stoutly argued that scientific 
advance will be far greater and more 
rapid when there is maximum access 
to new discoveries than when each sci- 
entist and engineer is restricted in the 
information he may obtain. 

Nature discovered this truth long 
ago. Evolutionary progress depends 
upon the occurrence of rare, fortuitous, 
advantageous mutations, and even 
more upon the lucky combinations of 
these that happen to work best in a 
particular environment. In living or- 
ganisms that reproduce asexually, such 
combinations arise with extreme infre- 
quency. For example, if the rates of 
occurrence of each of two mutations 
that might be advantageous together is 
one per million individuals—a rather 
ordinary mutation frequency—then the 
probability that both will occur to- 
gether is the product of the two fre- 
quencies, which is 10™*, or one in a 
trillion individuals. Consequently, the 
mutations really get together only when 
one occurs first and persists for a long 
time and when the other then occurs 
in some descendant of the first mutant 
individual. But if the first mutation 
confers no great advantage by itself, or 
quite possibly is actually harmful in the 
absence of the other, then the proba- 
bility that mutation number one will 
persist over many generations until 
mutation number two occurs to com- 
plete the advantageous type is indeed 
infinitesimal. To obviate this difficulty 
nature invented sex, whereby muta- 
tions that occur in different lineages can 
be combined immediately in various 
ways in the offspring of a mating be- 
tween male and female individuals. In 
this way, as I have said elsewhere, “the 
genes that made us, as they made our 
forefathers, cast into ever new com- 
binations in the recurrent cycle of 
sexual reproduction, may live on to 
produce new hands, new eyes, and new 
minds, to test out each variety of en- 
vironment, to continue to mold a world 
one step nearer the heart’s desire.” It 


coveries. As every scientist knows, the 
free interplay of thoughts between 
minds far outstrips in productivity the 
isolated, clonal generation of ideas, 
even by a genius. 

Science is truly in politics to stay, 
and the academic scientist is rapidly be- 
coming highly political in outlook. This 
is evident, on the one hand, in the 
government itself, evident from the 
growing significance of the President’s 
Science Advisory Committee under, 
first, Killian and then Kistiakowsky, 
and on the other hand, evident in party 
guidance, through the formation by the 
Democratic Advisory Council of a 
Committee on Science and Technology 
that is actually composed wholly of 
scientists, most of them in academic 
life. On the international scene, the 
open letter which Bertrand Russell and 
Albert Einstein addressed to all scien- 
tists, urging them to bestir themselves 
before it was too late to arouse the 
world to a realization of the over- 
whelming disaster implicit in any nu- 
clear war, and to talk candidly with 
one another, as scientists should, about 
the relationship of science to world 
peace, has resulted in the formation of 
the Pugwash movement. The five con- 
ferences of this group during the past 
three years have done much to lay a 
foundation for a real solution of some 
critical world problems. 


Conclusion 


In recent months there has been 
considerable discussion of C. P. Snow’s 
thought-provoking Rede lecture en- 
titled “The Two Cultures and the Sci- 
entific Revolution” (5). Is it in fact 
true that scientists and “literary intel- 
lectuals” now represent two poles of 
culture so remote that they have lost all 
real communication with one another, 
and live in different worlds? Are the 
misunderstandings that separate us ir- 
reconcilable? 

To this extent I must agree: that the 
major problem of higher education to- 
day is the need to cure this growing 
schizophrenia. The sciences must be- 


teaching science we must not forget 

. . that it is simultaneously social 
study and creative art, a history of 
ideas, a philosophy, and a supreme 
product of esthetic ingenuity” (6). The 
humanities and social sciences, on their 
part, must do more than merely 
recognize that the natural sciences exist. 
They must become permeated with the 
knowledge and spirit of science if they 
are to be more than relics of a departed 
age. 

The academic scientist represents 
more than a growing proportion of the 
teaching profession. He will be, whether 
we like it or not, the dominant figure 
in higher education in a very few 
decades. He is a2 strange, harsh figure 
to many of us, a figure tormented by a 
growing world-conscience, aware of 
dawning power but blind to his own 
limitations. The scientist passionately 
defends the freedom of science and 
fails to perceive that it and academic 
freedom are one. Academic scientists 
have been rather ordinary participants 
in the defense of academic freedom 
and the elevation of the standards of 
their profession. They are under-repre- 
sented in general organizations with 
these aims, and they do not support 
their own special organizations and 
societies with either the vigor or the 
funds that physicians, lawyers, and 
members of labor unions expend in 
support of theirs. This growing and 
awakening giant, the academic scientist, 
has indeed much to learn as he moves 
toward leadership. As Bertrand Russell 
has so well said, science can enhance 
among men two great evils, tyranny 
and war. And which, I wonder, is 
preferable, to perish in a _ nuclear 
holocaust or to live under a scientific 
tyranny? 
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Science in the News 


Science and Politics; AMA Attacked 
for Use of Disputed Survey in 
“Medicare” Lobbying 


The American Medical Association, 
which found itself deeply involved in 
the Congressional fight over medical 
aid to the aged, last week was under 
attack for its use of a survey of the 
aged presented before the fifth con- 
gress of the International Institute of 
Gerontologists held at San Francisco 
in mid-August. 

A widely distributed AMA press re- 
lease said the survey “emphatically 
proves that the great majority of 
Americans over 65 are capably financ- 
ing their own health care and prefer 
to do it on their own, without govern- 
ment intervention.” The release said 
that “90 percent [of the sample] could 
think of no personal medical needs that 
were not being taken care of,” and that 
only “a relatively small percentage of 
those who said they did have medical 
needs attributed the failure to meet 
these needs to lack of money.” The 
release credited James W. Wiggins and 
Helmut Schoeck of Emory University 
as director and associate director of 
the study and listed 16 university 
sociologists from schools throughout 
the country as participating in the 
study. 

The AMA endorsement and interpre- 
tation of the survey were picked up by 
newspapers across the country. Some 
papers used it as the basis for edi- 
torials opposing any large-scale federal 
plan for aid to the aged. 


Comments on the Survey 


Last week Senators Eugene Mc- 
Carthy (D-Minn.) and Pat McNamara 
(D-Mich.) began inserting in the Con- 
gressional Record comments on the 
survey from the “participating” sociol- 
ogists and from officials of the congress 
on gerontology. Here are some ex- 
cerpts: From Noel Gist of the Uni- 
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versity of Missouri: “I participated in 
a study of aging to the extent of super- 
vising the interviewing of a sample of 
rural residents in Missouri. . . . The 
news release, by the use of my name 
. . . leaves the impression that I endorse 
the conclusions presented. .. . I do 
nothing of the sort. . . . It was quite 
obvious to me that the questionnaire 
sent to us was a very poor one, and 
seemed to be devised by amateurs in 
research. But since we agreed to do 
the interviewing for the project we 
completed the assignment.” 

From Clark Tibbits, chairman of the 
Executive Committee for the Americas, 
International Association of Gerontol- 
ogy: “I was in the audience when Pro- 
fessor Wiggins made his presentation. 
I was astonished at the data and con- 
clusions reported. The basic figures on 
income, assets, and health status differ 
by as much as 100 percent from those 
reported by other studies during the 
past decade and from figures available 
through such standard sources as the 
Bureau of the Census, the Current 
Population Survey, and the National 
Health Survey.” 

From Wayne Thompson, of Cornell, 
a discussant of the paper: “I did not 
see a copy of the final paper until the 
day before it was read. . . . I must re- 
port that I was appalled to read the 
paper, which I found to be of such 
poor quality of scientific research tech- 
nique and writing. Indeed, I regretted 
at that point that I had been so naive 
as to have accepted the paper without 
having seen it in advance, especiully 
since it would be presented before an 
audience of internationaliy known sci- 
entists who might think of this as repre- 
senting American sociology. . . . When 
the paper was actually presented, there 
was an immediate reaction on the part 
of the audience, attacking its unscien- 
tific character, and the ease with which 
Wiggins and Schoeck jumped to unten- 
able conclusions. The survey was badly 


designed, poorly conceived and com- 
pletely misleading. Not a single scien- 
tist present at the meeting rose to sup- 
port either Mr. Wiggins or his paper.” 

The critics suggested that the ques- 
tionnaire had been drawn in a way that 
encouraged responses that would fit the 
preconceptions of the planners, a com- 
plaint that seemed to apply to at least 
the one question quoted in the news re- 
lease. The multiple choice question was 
apparently intended to discover what 
the aged thought should be done to 
make medical coverage more easily 
available to them, but it did not list as 
an alternative the widely debated plan 
to add medical coverage to Social Se- 
curity. “This [response],” said the offi- 
cial AMA interpretation, “demonstrates 
that the vast majority of our older cit- 
izens favor voluntary programs and that 
only 10 percent or so support com- 
pulsory plans.” 


Defense of the Survey 


The AMA release noted that the sur- 
vey was “based on extended interviews 
with 1500 non-institutionalized persons 
65 years of age and over . . . by trained 
interviewers under the supervision of 
professional sociologists representing 
more than a dozen well-known Ameri- 
can universities and colleges.” The sur- 
vey critics said that in addition to aged 
persons in hospitals, homes for the 
aged, and other institutions, the survey 
left out all non-whites and all people 
on old age assistance. One of the par- 
ticipating sociologists said she had been 
instructed to interview no one living in 
an apartment, thus eliminating tene- 
ment dwellers from at least this part of 
the sample. In general, the critics sug- 
gested the sample had been biased 
against those who were most likely to 
be having difficulty meeting medical ex- 
penses. 

In defense of the paper an AMA 
spokesman emphasized that the survey 
was designed by Wiggins as a study of 
the “normal” segment of the aged pop- 
ulation. Wiggins made this point in the 
course of the paper. But neither the title 
of the paper (“A Profile of the Aging: 
USA”) nor the AMA press release 
made clear that the survey was less 
than a study of the aging population as 
a whole. There was no mention of the 
“normal” idea in the press release, and 
no precise definition of what Wiggins 
regarded as “normal” in the paper it- 
self. 

The survey was financed by a $20,- 
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000 grant from the Foundation for 
Voluntary Welfare. The foundation is 
a subsidiary of the William Volker 
Fund, which an AMA spokesman de- 
scribed as having a “conservative out- 
look.” Wiggins is an unpaid consultant 
to the AMA’s medical economics de- 
partment. 


The Rump Session: It Does What Is 
Absolutely Necessary, But Very 
Little More 


The rump session, by all accounts, 
will be over by the time this appears. A 
House-Senate conference committee 
has cut the Senate’s recommendations 
for medical research by $104 million, 
but the reduced appropriation is $105 
million more than the House bill would 
have allowed and $160 million more 
than the Administration asked for. The 
school aid bill, about which there had 
been considerable optimism before the 
conventions, remained bottled up in the 
House Rules Committee. An attempt, 
after more than a year’s delay, to 
compromise two widely differing bills 
on agricultural research was of interest 
mainly as an exercise in political ma- 
neuvering. In the areas of science and 
education, as elsewhere, the session did 
what was absolutely necessary, mainly 
clearing the remaining appropriation 
bills, and little more. 


The Rules Committee 


The House Rules committee dom- 
inated the last two weeks of the ses- 
sion. Six of its twelve members—two 
southern Democrats and all four Re- 
publican members—had entered into an 
informal arrangement to bar action on 
all controversial legislation. It takes a 
majority to move a piece of legislation 
out of the committee. The six allowed 
a minimum medical aid bill to go 
through, one far narrower than that ad- 
vocated by either Kennedy or Nixon, 
indeed so narrow that it satisfied only 
those who would have preferred no 
bill at all. They let a minimum wage 
bill through after being assured by the 
House conferees that there would be no 
teal compromise with the broad Senate 
bill. Kennedy and the Senate conferees 
were given the choice of taking the 
House bill or nothing. This was as far 
as the ruling six were prepared to go. 
The school aid bill and several other 
matters were buried. 

In June, Nixon’s office had let it be 
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known that he was trying to get one 
of the four Republicans to change his 
vote on the school bill, but he had no 
success. There was hope that B. Carroll 
Reece of Tennessee might be per- 
suaded. He had promised his constitu- 
ents during the 1958 election that he 
would not vote to block the school bill, 
but apparently he felt he had fulfilled 
his promise when he reluctantly sup- 
plied the vote needed to let the measure 
through to the House floor. When the 
bill passed and was sent back to the 
Rules Committee for permission to go 
to conference, Reece rejoined the six to 
block any further action. 

The action on the school bill dem- 
onstrated more than anything else the 
immense power of the Rules Commit- 
tee. The bill was strongly backed by 
Nixon, Kennedy, the Democratic lead- 
ership in the House, and within the 
Administration had the active support of 
Secretary Flemming of the Department 
of Health, Education, and Welfare and 
the passive support of the White House. 
A great deal of sympathy had been 
developed throughout the country, and 
the resulting pressure changed enough 
Republican votes to put the bill through 
the House despite the failure of at- 
tempts to pass similar bills in recent 
years. But the popular support had no 
effect on the Rules Committee. 

Perhaps active pressure from the 
White House could have changed mat- 
ters, but as in the past, it was not 
forthcoming. Whether Kennedy or 
Nixon could get the bill through next 
year is open to question. Most people 
think there will be a school bill next 
year. No one doubts that either Ken- 
nedy or Nixon would be much more 
willing than Eisenhower has been to 
use the powers of the White House to 
push for what he wants from Con- 
gress. Both seem thoroughly convinced 
of the need for federal aid to schools, 
while Eisenhower apparently has some 
doubts on the matter. 

Presidential pressure, in fact, may 
not be necessary. Liberal Democrats 
took up a good deal of time in the 
closing days of the session denouncing 
what several of them called “this con- 
spiracy.” There has been talk about 
doing something about the Rules Com- 
mittee for years. There were stirrings 
of revolt at the beginning of the pres- 
ent Congress, in 1959, but they re- 
sulted only in vague assurances that 
the committee would not use its powers 
to block legislation clearly supported 


by a majority of the House. The ex- 
perience this year is not likely to en- 
courage anyone to settle for assurances 
next January. Howard Smith of Vir- 
ginia, chairman of the Rules Commit- 
tee, has been saying that he’s heard 
thunder before and that it isn’t always 
followed by a storm. The liberals have 
been guaranteeing that there will in- 
deed be a storm next January. That the 
wind will blow no one doubts, but what 
the effect will be on Judge Smith will 
depend on the results of the election in 
November rather than the passion of 
the oratory this week. 


Funds for Medical Research 


The conference committee on the 
Labor-HEW appropriations bill fol- 
lowed the frequent practice of splitting 
the differences between House and 
Senate appropriation bills neatly down 
the middle. The major items to be dealt 
with were the funds for medical re- 
search through the National Institutes 
of Health. The Senate had voted $209 
million more than the House; the final 
bill appropriated $105 million more 
than the House, a total of $560 mil- 
lion. The Administration had asked for 
$400 million. 

The big increase raises the question 
of how much will actually be spent. As 
the fuss over defense appropriations 
demonstrated, the Administration doesn’t 
have to spend extra money voted 
by Congress unless it chooses to 
do so. The procedure is for the 
agency involved to put in a justification 
to the Bureau of the Budget in order 
to use any money appropriated by 
Congress above the original Admin- 
istration request. In the case of med- 
ical research funds, Congress has been 
regularly giving the Administration 
more than it has asked for and after 
some initial reluctance the Administra- 
tion has ended up using nearly all of 
it. 

This year the increase was especial- 
ly big, but the new Administration com- 
ing in in January, the middle of the 
fiscal year, will probably be glad to 
use it all. Both Kennedy and Nixon 
say they are in favor of more money 
for medical research. There have been 
questions raised as to whether there 
are enough competent researchers 
available to make good use of all the 
money Congress has been voting. Of- 
ficials at NIH have done some studies 
on this: examining the productiveness 
of marginal grants made possible by 
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the Congressional increases, and they 
say that the studies show that the money 
is being well used and there are still 
inany worthwhile projects which could 
not be supported in past years even 
with the increased funds Congress had 
made available. 


Agricultural Research 


A curious effort was begun last week 
to work out a compromise between two 
widely different bills to promote more 
research on finding industrial uses for 
agricultural products. Once again this 
has been endorsed by both Kennedy 
and Nixon. It is talked of as a way to 
help solve the problem of farm sur- 
pluses. In fact, though, not many people 
see much hope in it, certainly not the 
Department of Agriculture, which says 
the nearly $15-20 million a year it is 
spending is all that can be usefully used 
because of the limited number of prom- 
ising possibilities. Whether this is true 
or not, it is still a politically appealing 
idea for a candidate to point out that 
the. amount of money we are spending 
to find new uses for farm products is 
trivial compared with the $6 billion a 
year the government spends on agri- 
culture. Both candidates are making 
this argument. 

In 1959 the Senate, goaded by Hu- 
bert Humphrey, who is one of the few 
people who really professes to see a 
solution to the farm problem, pushed 
through a bill to increase support of 
what is called “utilization research” by 
organizing a separate Bureau of Utiliza- 
tion Research within the Department of 
Agriculture. The House agricultural 
committee, in response, produced a 
bill backed by the Administration to 
set up a commission to study the possi- 
bilities of an increased program of utili- 
zation research. Such commissions are 
generally created when there is a great 
popular demand to do something about 
something you think nothing can or 
should be done about. Thus there was 
an enormous gap between the Hum- 
phrey Senate bill and the House bill. The 
conferees for more than a year never 
even bothered to hold a meeting since 
there was really no basis for compro- 
mise between a bill that was intended 
to push the Administration toward a 
big multi-million dollar program and 
a bill to set up a commission to study 
things. The House agriculture commit- 
tee, backed by the Administration, said 
it had no intention of going for the 
Senate scheme and the Senate said the 
House bill wasn’t worth passing. 
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Last week the conferees decided to 
get together after all. By the beginning 
of the week they were still holding to 
their widely separated positions, but 
still talking of some sort of agreement. 
But whether there is an agreement or 
not won’t make much difference to 
anyone except to legislators running 
for re-election. The new president and 
the new Secretary of Agriculture will 
set up a bigger utilization research pro- 
gram, if they decide it is really worth 
while, and the existence or nonexist- 
ence of the study commission won’t 
make much difference one way or the 
other. Neither, for that matter would 
the existence or nonexistence of the 
bureau for utilization research talked 
of in the Senate bill. Congress, through 
its control over the purse strings, can 
tell the President what he cannot do; 
but it cannot make him do what he 
chooses not to do.—H.M. 


News Notes 


Brode Resigns as State Department 
Science Adviser; Whitman Named 
Successor 


Wallace R. Brode has resigned, ef- 
fective 6 September, as science adviser 
to the Secretary of State, and Walter 
G. Whitman, formerly chairman of the 
department of chemical engineering of 
Massachusetts Institute of Technology, 
has been named his successor. Brode, 
who has a long record of government 
service with various scientific agencies, 
has served as science adviser since Jan- 
uary 1958. He will be on retirement 
status under Civil Service. 

The science program in the Depart- 
ment of State dates back to 1951, when 
a number of science attachés at posts 
abroad were first appointed. After the 
science adviser resigned in 1954 no 
replacement was appointed, and the 
program abroad lapsed until it was re- 
vived by Secretary of State Dulles in 
1957. During his tenure as science ad- 
viser, Brode revitalized the entire sci- 
ence attaché program. Ten embassies 
abroad have been staffed with science 
attachés, many of whom cover a num- 
ber of countries on a regional basis. 
The attachés facilitate scientific ex- 
changes and interpret American science 
abroad. They also advise other mem- 
bers of the embassy staffs on matters 
involving scientific and technical fac- 
tors. 

On 


leaving government service, 


Brode stressed the value to the country 
of scientists and science-administrators 
who make their careers in the govern- 
ment, and the need for the government 
to work out long-term staffing policies 
for such scientists. He noted that tours 
of government duty by scientists from 
industry or the academic community 
are also important, but he added that 
it takes time to develop an understand- 
ing of gavernmental problems and pro- 
cedures. In his own work in reactivating 
the science attaché program, Brode 
said, he had made a point of selecting, 
for at least some of the overseas posts, 
scientists who were making their ca- 
reers in the government. Brode also 
expressed the hope that the present 
administration and the administration 
that takes office early next year will 
give continuing, nonpolitical support to 
the attaché program. 

Whitman, who is succeeding Brode 
as science adviser, served with the 
National Advisory Commission for 
Aeronautics from 1940 to 1945; was 
the director of the Lexington Project 
of the AEC in 1948; and also served 
as conference secretary-general for the 
U.N. Conference on the Peaceful Uses 
of Atomic Energy, in 1955. He also 
served as chairman of the Research 
and Development Board of the Depart- 
ment of Defense from 1951 to 1953 
and was a member of the National 
Advisory Commission for Aeronautics 
during the same two years. He is on 
terminal leave from Massachusetts In- 
stitute of Technology. 

Mary E. Corning, special assistant to 
Brode, is leaving the State Department 
to go to the National Science Founda- 
tion, where she will be project director 
in the planning group of the associate 
director for education and international 
activities. 


Live Poliovirus Vaccine Approved; 
Worldwide Trials Reported 


Live poliomyelitis vaccine has been 
approved by the Public Health Serv- 
ice as suitable for use in the United 
States. The vaccine, which is taken by 
mouth, will go into commercial pro- 
duction by next spring, and large sup- 
plies are expected to be available in the 
fall of 1961. 

The PHS will permit initial com- 
mercial production of only Sabin types 
of vaccine—types I, II, and I[I—de- 
veloped by Albert B. Sabin of Cincin- 
nati to protect against the three strains 
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of poliomyelitis. Two other live virus 
vaccines were not approved for com- 
mercial production—the vaccine devel- 
oped by Herald R. Cox at the Lederle 
Laboratories in Pearl River, N.Y., and 
the vaccine developed by Hilary Ko- 
prowski at the Wistar Institute in Phila- 
delphia. 

Surgeon General Leroy Burney 
praised both men for their “great con- 
tributions.” He said that large-scale 
field trials of both the Cox and Koprow- 
ski vaccines had shown “the hazards 
to man to be Very, very slight.” 
But he pointed out that the Public 
Health Service had-to apply a monkey 
test for safety in licensing a vaccine, 
and that the Sabin strains showed least 
virulence when injected into the brains, 
spinal cords, and muscles of monkeys. 
Since the Sabin strains were developed 
with funds furnished by the National 
Foundation, they will be available to 
all the drug manufacturers that wish 
to produce live poliomyelitis vaccine. 


Reports from Around the World 


Never before has a vaccine been 
subjected to such searching, rigorous, 
and widespread investigation. In July 
the World Health Organization, which 
has been active in the field for some 
years, sponsored an International Polio- 
virus Conference in Washington that 
was attended by 100 scientists from 
20 countries. The conference exam- 
ined more than 40 detailed reports of 
laboratory experiments, field trials, and 
massive campaigns. 

Soviet scientists feported on the ad- 
ministration of Sabin vaccine, Soviet- 
tested and mass-produced, to 66 mil- 
lion people—a figure that by the end 
of 1960 will rise to 75 million in the 
Soviet Union alone. In addition, sup- 
plies of the vaccine will be sent to 
Czechoslovakia, Hungary, Bulgaria, 
China, and Vietnam. 

Poland, using the Koprowski vac- 
cine, has embarked on compulsory 
vaccination of all individuals within 
the age group of susceptibility. 

In Latin America, the Cox vaccine 
has been given to millions of people 
under tropical and potentially epi- 
demic conditions. 

Whole communities in the United 
State have been given live viruses by 
mouth. 

As the conference agreed, “In al- 
most all these trials, including the mas- 
sive experience in the U.S.S.R., un- 
toward reactions were either absent or 
insignificant, and the so-called major 
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illness of poliomyelitis had neither di- 
rectly nor indirectly been induced by 


‘infection with attenuated poliovirus 


used as vaccine, nor from its spread 
in the local community.” 

The majority of the world’s in- 
habitants cannot afford vaccination by 
injection, or they lack the professional 
manpower needed to give the injec- 
tions; but safe live vaccine could be 
easily dispensed to hundreds of mil- 
lions of people and could completely 
eradicate poliomyelitis. 


Geneva Talks Adjourn 


The East-West nuclear test suspen- 
sion talks in Geneva started a 5-week 
recess on 23 August. The talks, which 
have been going on for almost 2 years, 
have resulted in a cessation of tests but 
not in international control. 

However, the delegates have reached 
agreement on the outline and at least 
some of the details of a control and 
inspection system in support of a treaty 
which would prohibit all nuclear tests 
except small-scale underground ex- 
plosions. Even these small-scale tests 
would be suspended temporarily until 
an international research program 
could improve methods of identifying 
them. There are important disagree- 
ments to be settled in all the major 
aspects of the negotiations, and in 
recent weeks the talks have reached 
an impasse. 

Officially, the recess is to provide 
a vacation period for delegates and 
staff members. Actually, the United 
States and Britain have agreed that 
further progress is impossible at this 
time, unless there should be some un- 
foreseen Soviet concession. And this 
is extremely unlikely, for there is a 
widespread conviction that treaty nego- 
tiations with the Soviet Union will be 
deadlocked during the balance of the 
Eisenhower Administration. 

It has been reported that United 
States and British officials have met 
to assure one another that no nuclear 
tests of any kind will be conducted for 
an unannounced period, but certainly a 
period that will extend until after the 
election. This news is supported by a 
report that at a recent National Se- 
curity Council meeting the President 
refused to permit the Atomic Energy 
Commission to proceed with a series 
of scheduled underground nuclear ex- 
plosions to help perfect a detection 
system. 


Pauling Loses Initial Court Action 


Nobel Prize winner Linus Pauling 
of the California Institute of Technol- 
ogy has failed in his appeal to the Fed- 
eral District Court in Washington, 
D.C., for help in opposing an order 
from the Senate Internal Security Sub- 
committee which demands that he 
name, by 15 September, the scientists 
who assisted him in 1958 in circulating 
a petition against nuclear tests. He re- 
fuses to identify his assistants on the 
grounds that it might expose them to 
jeb loss and harassment. 

Pauling holds that the order forcing 
him to provide the names infringes on 
his constitutional rights to freedom of 
speech and conscience and to protec- 
tion from unreasonable search and 
seizure. He asked the court for an in- 
junction enjoining the committee from 
making the demand, and for a declara- 
tory judgment describing his “rights 
and duties” in connection with the 
committee. 

The attorney for the government 
argued that support of Pauling’s stand 
“would be the death of any effective 
legislation and a gross violation of the 
separation of powers.” He pointed out 
that Pauling had not yet been cited for 
contempt of Congress and might not 
be. 

The court ruled, on 23 August, that 
the Senate order “is not subject to 
judicial review” at this time, indicating 
that intervention in the case was in- 
appropriate until Pauling had actually 
been charged with violation of the 
law, since the court did not have 
authority to govern a_ congressional 
committee. Pauling’s attorney, A. L. 
Wirin, an American Civil Liberties 
Union lawyer, holds that the courts 
have the right to rule on all branches 
of government. The case is now before 
the United States Court of Appeals. 


Interest in Keating Bill Aroused 


Pauling says that he prefers to have 
the matter considered “before the 
event, rather than to be indicted and 
sentenced to prison, and then take it 
to the courts.” 

“Any responsible congressional body 
ought to share this preference,” says a 
recent editorial in the Washington 
(D.C.) Post, which discusses a bill 
that Senator Kenneth Keating (R-N.Y.) 
has been promoting for the past 5 
years. The bill, S.1515, is described 
as a method by which the houses of 
Congress and their committees may 
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invoke the aid of the courts in com- 
pelling the testimony of witnesses. In- 
troduced in March 1959, it is now 
before the Senate Judiciary Com- 
mittee. 

The measure provides that congres- 
sional committees, instead of deter- 
mining for themselves what constitutes 
contempt, would apply to a District 
Court for an order requiring a witness 
to show that the question he objected 
to was improper. If the court ruled 
that he must answer and if he still 
refused, then he would be held in con- 
tempt of court, and sentenced accord- 
ingly if the higher courts upheld the 
decision after he had exercised his right 
to appeal. Thus, the courts would make 
the determination of contempt at the 
outset, rather than after a witness had 
been indicted and subjected to trial for 
the crime of contempt of Congress. 


Washington University Group 
Analyzes Project Plowshare for 
St. Louis Citizens’ Committee 


An analysis of Project Plowshare, the 
Atomic Energy Commission’s program 
for the peaceful utilization of under- 
ground nuclear explosions, has been 
prepared by a team of Washington Uni- 
versity scientists and released by the 
Greater St. Louis Citizens’ Committee 
for Nuclear Information (CNI). The 
main conclusions are that while some 
of the scientific experiments included 
in the project may yield important re- 
sults, a number of the proposed engi- 
neering plans could probably be car- 
ried out more effectively by non-nuclear 
techniques, and others appear wholly 
impractical. 

The value of Project Plowshare is 
controversial. A series of explosions is 
proposed to carry out a variety of engi- 
neering and scientific experiments rang- 
ing from studies of the behavior of 
neutrons to blasting out a harbor in 
Alaska with nuclear explosives. Al- 
though active plans for a number of 
projects are being made, no projects 
have been carried out as yet. 

Proponents of the project have ar- 
gued that the proposed underground 
blasts are needed to advance knowl- 
edge of certain scientific areas and to 
give engineers a better idea of how the 
force of nuclear explosions can be har- 
nessed for earth moving, power produc- 
tion, and improvements in mining. 

Those opposing the project say its 
chief effect will be to complicate the 
problem of reaching an agreement to 
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halt nuclear tests. For example, Henry 
D. Smyth of Princeton University re- 
cently told a Congressional hearing: 
“Congress should consider very care- 
fully whether the use of nuclear explo- 
sions for peaceful purposes will jeopar- 
dize our efforts at international control. 
Virtuous assurances that such explosions 
are not being used for weapon develop- 
ment will simply not be _ believed.” 
Smyth was a member of the war-time 
atomic bomb project and author of its 
first public report. He was also the first 
scientific member of the Atomic Energy 
Commission. 

In two current issues of Nuclear In- 
formation, published by CNI, a group 
of physicists and chemists anzlyzed, on 
the basis of AEC reports, the scientific 
and technological gains which might be 
expected from the proposed explosions. 
Their conclusions may be summarized 
as follows. 


Alaskan Harbor Project 


One of the chief projects, called 
Chariot, is a proposal to make a harbor 
far up on the Alaska coast by setting 
off three underground nuclear explo- 
sions. 

The only advantage of nuclear ex- 
plosives is that they are considerably 
cheaper than conventional explosives 
for very large projects such as the pro- 
posed Alaska harbor. 

The economic advantage of nuclear 
explosives is offset by these difficulties: 
radioactive contamination of the air and 
nearby ground from fallout produced 
by the explosion; possible contamina- 
tion of groundwater; shock damage ex- 
tending to distant buildings; and ab- 
sence of adequate theories for predict- 
ing the size of the hole produced by the 
explosion. 

It is not yet clear from AEC studies 
to what extent fallout would affect the 
animals of the area and so influence 
the livelihood of the Eskimos. Although 
there are no towns within 30 miles of 
the site of the proposed harbor, the 
Eskimos of the region use as their hunt- 
ing land a large area that would be af- 
fected by fallout. 

The CNI report states, “Alaska offi- 
cials, some hunting guides, and the peo- 
ple of the two Eskimo villages closest 
to the site of the proposed harbor have 
expressed concern over the possible ef- 
fects of the explosion on living condi- 
tions.” The report also quotes the AEC, 
which stated, “An experiment would be 
conducted only after the Commission 
is assured that public health and safety 
will be protected.” 


With the present difficulties in evalu- 
ating the possible harmful effects of the 
proposed harbor blasts, the scientists 
conclude, “large earth-moving nuclear 
explosions in the populated areas where 
they are needed are risky and probably 
impossible for a long time to come.” 


Underground Explosions for Power 


Using underground nuclear explo- 
sions to produce a large reservoir of 
heat to be converted into steam and 
finally into electric power is another 
much-discussed Plowshare proposal. 

In a recent Congressional hearing, a 
project spokesman pointed out that the 
method might reduce fuel costs for elec- 
tric power to 30 percent of the present 
average level in the United States. The 
CNI analysis of AEC data shows, in 
contrast, that the cost of electric power 
produced by the proposed underground 
explosions would actually be greater 
than the cost of conventionally pro- 
duced electricity. The additional ex- 
pense results from the difficulties in re- 
using the site of an explosion, and from 
the special systems required to prevent 
radioactive contamination of the power 
generators and the earth’s surface. 

The additional factor of earth shock, 
described by the scientists, means that a 
power plant could not be located near 
the site of the explosion and that steam 
generated by the explosion would have 
to be conducted over prohibitively long 
distances to an off-site power plant. Earth 
shock from 10- and 100-megaton explo- 
sions, which have been suggested as a 
means of producing power economical- 
ly, would cause damaging earthquakes 
as far as 40 and 100 miles away from 
the site. (The explosion of even a small, 
1-megaton device, which would be un- 
economical, would produce damaging 
forces 20 miles away.) 


Mining Radioisotopes from Debris 


Another featured part of Project 
Plowshare is the scheme to mine useful 
radioisotopes from the debris produced 
by underground explosions. A nuclear 
explosion produces, as fission products, 
many radioisotopes which can then be 
extracted from the debris. The CNI 
analysis points out that such radioiso- 
topes are already being produced over- 
abundantly by nuclear reactors, and in 
fact represent a serious disposal prob- 
lem. 

Certain other radioisotopes are not 
easily produced in reactors but are copi- 
ously formed in nuclear explosions. Such 
isotopes, for example cobalt-60, might 
be usefully mined from the debris of an 
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underground explosion. The CNI report 
points out, however, that the economic 
and technical difficulties would be for- 
midable, and that it would probably be 
simpler in the end to produce these 
substances in nuclear reactors. 

There are some radioisotopes that can 
be produced only by means of nuclear 
explosions, and in this case, the CNI 
report states, “nuclear explosions have 
a clear and definite advantage.” 

The scientists conclude, “production 
and recovery of technologically useful 
quantities of radioactive materials could 
not reasonably be advanced as the sole 
reason for conducting a contained nu- 
clear explosion.” 


Neutron Study 


A purely scientific part of Project 
Plowshare is the proposal to study the 
behavior of neutrons produced in anun- 
derground explosion by guiding them 
through a long, evacuated pipe into un- 
derground test and recording instru- 
ments. These experiments, according to 
the CNI analysis, could not possibly be 
done by any means other than a nu- 
clear explosion. While neutron experi- 
ments can be carried out with reactors 
and particle accelerators, the numbers 
of neutrons available from such appa- 
ratus is so limited as to make it impos- 
sible to make certain precise measure- 
ments. If a nuclear explosion were used, 
however, the experiment would be so 
expensive that it might not be justified 
in the absence of other uses for the 
explosion. 


Scientists Who Prepared the Analysis 


The Washington University scientists 
who analyzed the Plowshare program 
are Christoph Hohenemser, graduate 
student in the department of physics 
and coauthor of a report on nuclear dis- 
armament, The Nth Country Problem: a 
World-Wide Survey of Nuclear Weap- 
ons Capabilities, published by the 
American Academy of Arts and Sci- 
ences; Brian Pate, associate professor 
of chemistry and a specialist in the 
chemistry of radioisotopes; and Frank- 
lin B. Shull, associate professor of phys- 
ics, who specializes in the physics of 
atomic particles. Irving Kaplan, instruc- 
tor in sociology, assisted with the prob- 
lem of the possible effects of the pro- 
posed Alaska harbor on the life of 
Eskimos. 

The Committee for Nuclear Informa- 
tion is an organization of scientists and 
other citizens devoted to the promotion 
of public knowledge and understanding 
of nuclear problems. The committee as- 
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sembles and studies technical informa- 
tion, and makes the facts known to the 
public through its bulletins and speak- 
ers bureau. The committee also spon- 
sors the Baby Tooth Survey. 


New List of Paperbound Science 
Books Prepared by AAAS Library 
Program 


The AAAS Science Library Program 
has released a new edition of An Inex- 
pensive Science Library, a selected list 
of paperbound science books. This 
fourth edition, 70 pages long, was pre- 
pared by Hilary Deason, director of the 
Library Program, and Robert Lynn. It 
names and describes some 500 paper- 
bound books, about 100 more than last 
year. 

Each title is classified as to degree of 
difficulty, from a rating of (1) for ma- 
terial suitable for the upper elementary 
grades and junior high school through 
a rating of (4) for books that are pri- 
marily for the professional specialist. 
All the major basic sciences and math- 
ematics are represented. 

The books listed may be purchased 
from the publishers, whose names and 
addresses are given at the back of the 
booklet, or from the selected retail 
dealers also given. 

The Science Library Program, which 
is supported by the National Science 
Foundation, issues the list as an educa- 
tional service. Copies may be obtained 
from the AAAS for 25 cents each, pre- 
paid; postage stamps are not accepted. 
Prepaid orders for 25 or more copies 
will receive a discount of 33% per- 
cent, 


Consulting Group in High-Pressure 
Techniques Being Formed 


A consulting group of scientists and 
engineers with experience in  high- 
pressure techniques is being formed as 
the result of a meeting held last fall 
under the auspices of Autoclave En- 
gineers, Inc. One of the purposes of 
the group, to be known as High Pres- 
sure Associates, will be to offer con- 
sulting services to any organization or 
individual in the general field of high 
pressure. Other objectives envisaged 
are the initiation of standards for pres- 
sure work and the preparation of a 
handbook of safety measures. 

For the present, a relatively loose 
organization is planned, with one man 
acting as chairman to establish a cen- 


tral clearing house. Those interested in 
making use of the service should write 
to the chairman, Professor Barnett F. 
Dodge of Yale University, stating their 
problem, and the latter will put the 
questioner in contact with whichever 
member of the Associates he believed 
most competent to give assistance on 
the particular problem. From then on 
client and consultant must negotiate 
to establish the conditions under which 
work will be done or advice offered. 
Briefly, the chief idea is to facilitate 
the bringing together of those with 
experience in the rapidly growing field 
of high-pressure applications and those 
who are seeking help on problems. 

Anyone who is interested and be- 
lieves himself qualified is invited to 
correspond with the chairman for the 
purpose of discussing the conditions 
of membership. The main qualification 
for membership is experience in some 
field of application of high-pressure 
techniques. Men employed by com- 
panies manufacturing or supplying 
high-pressure equipment are not eli- 
gible. 


Chicago Institute Launches Program 
To Save Egyptian Antiquities 


The first expedition to save the Nu- 
bian monuments from Nile flood waters 
will leave for Egypt this October from 
the Oriental Institute of the University 
of Chicago. The group has elected to 
work at Beit el-Wali, one of the first 
sites to be submerged by the lake which 
will form behind the Aswan High Dam. 
Beit el-Wali is 30 miles south of the 
dam begun this year by the United Arab 
Republic. 

Keith C. Seele, Egyptologist and pro- 
gram director of the Oriental Institute’s 
Egyptian Aswan High Dam Program, 
has appealed for contributions from the 
public to support the expedition, which 
will (i) photograph and copy for pub- 
lication the important historical records 
and beautifully painted reliefs of the 
rock-hewn temple of Rameses_ II 
(1304-1238 B.C.), and (ii) explore a 
12-mile stretch to the north of the tem- 
ple on both sides of the Nile, excavating 
and recording everything of value left 
there by the long succession of peoples 
who lived in the Nubian valley. 

The plan to lead an expedition into 
Nubia already had been approved by 
the University of Chicago before an 
official appeal was issued in March by 
the United Nations Educational, Sci- 
entific, and Cultural Organization. At 
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that time, UNESCO invited interna- 
tional cooperation to save 21 temples 
and numerous unexcavated sites in the 
300-mile stretch from Aswan in the 
United Arab Republic to the Third 
Cataract in the Sudan. 

The Oriental Institute has scheduled 
a 5-year program of exploration, ex- 
cavation, and recording of antiquities. 
However, the copying of the Beit el- 
Wali temple must be completed by the 
1962-63 season, after which the site 
will be permanently submerged. The 
temple is to be moved to higher ground, 
but it is possible that the reliefs and 
inscriptions will be damaged. The in- 
stitute wants to complete its project 
before such damage can occur. 


News Briefs 


Social aspects of science. A program 
on the “Social Aspects of Science,” 
based on a recent report of the AAAS 
Committee on Science in the Promo- 
tion of Human Welfare [Science 131, 
68 (8 July)] was broadcast yesterday 
over radio station WBAI in New York. 
T. C. Byerly of the Agricultural Re- 
search Service, a member of the AAAS 
committee, was interviewed by three 
Washington, D.C., newsmen—Alfred 
Friendly of the Post, William Hinds of 
the Evening Star, and Tony Sylvester 
of station WTOP. They discussed the 
meaning of the committee report, 
which calls on all scientists to take an 
active role in the resolution of the 
problem of control of nuclear energy, 
disarmament, population control, and 
the use of scientific research as a 
weapon in the cold war. The program 
was originally recorded by WTOP. 

* * * 


Zoonoses research center. A center 
for Zoonoses Research is to be estab- 
lished in the College of Veterinary 
Medicine at the University of Illinois. 
The zoonoses are being increasingly rec- 
ognized as of major importance to hu- 
man and animal health and welfare. 
Establishment of the center—the second 
one in the world and the only one in 
the United States—is expected to focus 
more attention on the zoonoses, en- 
courage research, and promote needed 
interdisciplinary cooperation and co- 
ordination. 

* * * 

Olsen Memorial Fund. In July bio- 
chemist Norman Olsen and his wife 
and two children died in a fire in their 
home. Olsen, who had previously taught 
at several universities, was assistant di- 
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rector of the Masonic Research Lab- 
oratory in Utica, N.Y. Friends are 
founding an Olsen Memorial Fund, the 
proceeds of which will be used to pro- 
vide scholarship awards to deserving 
students in the field of biological sci- 
ence. Those who wish to contribute 
may send checks, made out to the 
fund, to Dr. Gordon K. Moe, Director, 
Masonic Medical Research Laboratory, 
Utica 2, N.Y. 
* * * 

World’s foresters meet. Foresters 
from 71 nations, including 700 foreign 
participants, are in Seattle, Wash., for 
the Fifth World Forestry Congress, 
which began on 29 August. The 13- 
day congress is expected to have an 
attendance of 2000 and to be the largest 
such international gathering ever held. 
This fifth World Forestry Congress is 
the first for which the United States 
has been host. Preparations, made in 
collaboration with the Food and Agri- 
culture Organization of the United 
Nations, were the responsibility of an 
organizing committee appointed by 
the Secretary of State and headed by 
Richard E. McArdle, head of the U.S. 
Forest Service. 


Scientists in the News 


Maurice Ewing, director of the La- 
mont Geological Observatory of Co- 
lumbia University, has been awarded 
the John Fleming Medal of the Amer- 
ican Institute of Geonomy and Natural 
Resources. The citation read during the 
presentation ceremony at the Woods 
Hole Oceanographic Institution noted 
that Ewing’s contributions to the earth 
sciences, both in research and in the 
development of instruments for re- 
search, are “of unique value to hu- 
manity in bringing knowledge about 
the oceans.” 


John H. Marshall, associate physicist 
with the Radiological Physics Division 
of Argonne National Laboratory, Ar- 
gonne, IIl., has accepted a 1-year as- 
signment to conduct research at the 
Royal National Orthopedic Hospital, 
London, England. With Hubert A. 
Sissons, Marshall will study the bone- 
damaging effects of radiation in animals. 
He will also visit other laboratories, in 
England and in Belgium, where sci- 
entists are studying radiation damage 
to bone. The studies are part of a 
world-wide scientific effort to deter- 
mine the effects of nuclear radiation on 
animals and man. 


Sister Hilary Ross, a biochemist in- 
ternationally known for her laboratory 
research on leprosy, was recently hon- 
ored by Surgeon General Leroy E. 
Burney of the Public Health Service 
on the occasion of her retirement after 
37 years of duty at the national lep- 
rosarium, officially known as the US. 
Public Health Service Hospital, Car- 
ville, La. Sister Hilary was presented 
with a certificate citing her outstand- 
ing contribution to the care and welfare 
of leprosy patients and her dedicated 
effort in developing and communicat- 
ing new knowledge about the disease. 
Sister Hilary is leaving for Japan to 
organize ancillary medical services in 
a crippled children’s hospital now 
under construction. ‘ 


Joshua A. Fishman, formerly as- 
sociate professor of human relations 
and psychology at the University of 
Pennsylvania, has been appointed dean 
and professor of psychology at Yeshiva 
University’s Graduate School of Ed- 
ucation. While serving as dean he will 
continue to be principal investigator 
of a 2-year project designed to de- 
termine the language resources of 
American ethnic groups. This project 
is sponsored by the Language Develop- 
ment Section of the U.S. Office of Ed- 
ucation. 


Horace W. Lundberg, for the past 
7 years associate professor in the Grad- 
uate School of Social Work at the Uni- 
versity of Utah; has been appointed to 
the new position of specialist in school 
social work services (visiting teachers) 
at the U.S. Office of Education, Wash- 
ington, D.C. 


Sverre Petterssen, professor of me- 
teorology at the University of Chicago, 
has been appointed chairman of the 
university’s department of meteorology, 
effective 1 October. He succeeds Hor- 
ace Byers, professor of meteorology 
who has been department chairman 
since 1947. Byers is relinquishing the 
chairmanship to devote more time to 
research and teaching. 


Harold S. Ginsberg, associate profes- 
sor of preventive medicine at Western 
Reserve University since 1951, has 
been named professor and chairman 
of the department of microbiology at 
the University of Pennsylvania School 
of Medicine. The department chair- 
manship was formerly held by Stuart 
Mudd, now emeritus professor of micro- 
biology. 
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Michael Amrine, of Washington, 
D.C., and New York, science writer, 
has joined the staff of the U.S. Science 
Exhibit for the Century 21 Exposition, 
which will be held from 21 April to 21 
October 1962 in Seattle, Wash. Amrine 
will conduct a nation-wide survey in 
order to report exhibitable scientific 
ideas. He will make extensive contacts 
in the scientific community—in uni- 
versities, industries, federal agencies, 
and research centers—so that his rec- 
ommendations will be based on cur- 
rent scientific activity. 


John Swallow, an oceanographer with 
the National Institute of Oceanography 
in England, received the third Alaba- 
tross Award of the American Miscel- 
laneous Society during the recent meet- 
ings of the UGGI in Helsinki, Finland. 
The award is given annually for the 
most unusual contribution in oceanog- 
raphy. Swallow’s contribution was the 
measurement of underwater currents. 


John B. Youmans has been named 
director of the American Medical As- 
sociation’s Division of Scientific Ac- 
tivities, which was created in 1959 to 
coordinate all scientific activities of the 
association. He succeeds the late Ed- 
ward L. Turner. At present, Youmans 
is technical director of research for the 
U.S. Army Medical Research and De- 
velopment Command, -Office of the 
Surgeon General, in Washington. He 
will assume his new position full time 
in October. 


The Atomic Energy Commission has 
presented its Distinguished Service 
Award to Kenner F. Hertford, manager 
of the commission’s Albuquerque Op- 
erations, ‘and to Theodore Rockwell, 
Ill, technical director of the Naval Re- 
actors Program for both the commission 
and the Department of the Navy. The 
gold medal award is the highest rec- 
ognition that the commission can be- 
stow on its employees. 


Richard S. Melton, formerly associ- 
ate professor in the department of psy- 
chology at Southern Illinois University, 
has joined the staff of the professional 
examinations division of the Psycho- 
logical Corporation, New York. He 
will participate in research and develop- 
ment programs for the Medical Col- 
lege Admissions Test and contribute 
to the continuing professional testing 
programs for schools of nursing, phar- 
macy, veterinary medicine, dental hy- 
giene, and others. 
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Thomas L. Kimball of Denver, Colo., 
has been named executive director of 
the National Wildlife Federation, 
‘Washington, D.C. He succeeds Ernest 
F. Swift, who resigned in March be- 
cause of ill health. Swift, who resides 
in Rice Lake, Wis., continues to serve 
the federation as a conservation ad- 
viser. 


Otto Glasser, biophysicist at the 
Cleveland Clinic, Cleveland, Ohio, was 
recently awarded the Commander's 
Cross of the Order of Merit of the 
Federal Republic of Germany in recog- 
nition of his contributions to radiology 
and his work on the life of W. C. 
R6ntgen. 


Earl Ubell, science editor of the New 
York Herald Tribune and syndicated 
science columnist, has taken office as 
president of the National Association 
of Science Writers for 1960-61. Other 
new officers are vice president Victor 
Cohn, science writer for the Minne- 
apolis Tribune, and secretary-treasurer 
Nate Haseltine, medical and science 
editor of the Washington Post. 


Continuing the custom of recent 
years, the chemistry department at the 
University of California, Los Angeles, 
will have two new visiting faculty mem- 
bers from overseas in 1960-61, both in 
organic chemistry: first semester, Rich- 
ard C. Cookson, University of South- 
ampton, England; second semester, C. 
A. Bunton, University College, London. 

Other faculty changes in the depart- 
ment are as follows: 

Mark Cher has resigned to accept 
appointment as senior chemist with 
Atomics International in Canoga Park, 
Calif., where he will establish a photo- 
chemistry laboratory. 

Hosmer W. Stone, for 39 years a 
member of the chemistry staff, retired 
on 30 June, with the rank of professor 
emeritus. 

Ralph A. James, former associate 
professor, is now assistant chemical 
director at the Lawrence Laboratory, 
University of California, Livermore. 


New officers of the American Phys- 
iological Society for the term begin- 
ning 1 July 1960 include the following: 
president, J. H. Comroe, Jr., Univer- 
sity of California Medical Center, San 
Francisco; president-elect, Horace Dav- 
enport, University of Michigan School 
of Medicine; and past-president, Rob- 
ert Pitts, Cornell University Medical 
College. 


Recent Deaths 


Walter J. Baeza, St. Petersburg, Fla.; 
60; chemical engineer and president of 
the Industrial Research Company, St. 
Petersburg; specialist in the chemistry 
of metals; 16 Aug. 

Du Bois Eastman, Whittier, Calif.; 
54; chemical engineer and director of 
the Montebello, Calif., research labora- 
tory of Texaco, Inc.; 12 Aug. 

Kurt Felix, Frankfurt am Main-Nie- 
derrad, Germany; 73; emeritus profes- 
sor of physiological chemistry at the 
University of Frankfurt; 2 Aug. 

John Garb, New York, N.Y.; 70; 
associate clinical professor of dermatol- 
ogy at the New York University Medi- 
cal Center; 13 Aug. 

Heinz Gartmann, Stockholm, Swe- 
den; 43; West German rocket engi- 
neer who was one of the founders of 
the International Astronautical Federa- 
tion; author of several books on space, 
three of which have been published in 
English translation; 18 Aug. 

Frank W. Lathrop, Falmouth, Me.; 
71; retired specialist in agricultural edu- 
cation; taught agriculture in New York 
and Minnesota and was a member of 
the staff of the U.S. Office of Educa- 
tion for 18 years; 19 Aug. 

C. E. Kenneth Mees, Honolulu, Ha- 
waii; 78; retired vice-president for re- 
search of Eastman Kodak Company; 
headed Eastman Kodak’s research for 
nearly 44 years following his organiza- 
tion of the company’s Kodak Research 
Laboratories in Rochester, N.Y., in 
1912; 15 Aug. 

Maud L. Menten, Windsor, Ont.; 81; 
retired as professor of pathology at the 
University of Pittsburgh in 1950; spe- 
cialist in cancer research and experi- 
mental pathology; 17 July. 

Harry M. Richter, Chicago, IIl.; 88; 
professor emeritus of surgery at North- 
western University Medical School; spe- 
cialist in thyroid surgery and surgery 
in newborn infants; a founder of the 
American College of Surgeons; 18 Aug. 

Carl K. Seyfert, Nashville, Tenn.; 
49; professor of physics and astronomy 
at Vanderbilt University; director of the 
Dyer Observatory and a director of the 
Green Bank Observatory; 13 June. 

David B. Steinman, New York, N.Y.; 
73; internationally known engineer; de- 
signed more than 400 bridges, including 
the Triborough and Henry Hudson 
bridges in New York and the Mackinac 
Straits bridge in Michigan; 21 Aug. 

James W. Woodard, Philadelphia, 
Pa.; 68; retired professor of sociology 
at Temple University; 14 Aug. 
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Book Reviews 


The Unfinished Revolution. An ~essay 
on the sources of influence of Marx- 
ism and Communism. Adam B. Ulam. 
Random House, New York, 1960. 
210 pp. $5. 


The continuing preoccupation with 
the meaning of Marxian socialism and 
communism cannot be regarded as an 
idle academic pastime. No other doc- 
trinal scheme in the social sciences has 
ever had comparable, world-wide reper- 
cussions as “applied science” in the 
course of less than a century after its 
promulgation. In view of the enormous 
range of the literature dealing with 
Marxian socialism from the point of 
view of a variety of academic disciplines 
and of politics, domestic and interna- 
tional, it is to be expected that truly 
useful contributions to our understand- 
ing of this phenomenon are far from 
common and merit attention. It can be 
said at once that, in my opinion, Adam 
Ulam’s study is one of these contribu- 
tions. 

Certain approaches to the study of 
Marxism have been characteristic of 
much of the work in this field. There 
are, on various levels of sophistication, 
the polemical and propagandistic writ- 
ings determined to vindicate Marxian 
truths or to demonstrate the errors of 
Marxism; frequently they obscure in 
the process all distinctions between the 
realms of theory and practice. (Because 
of the proliferation of “schools” in the 
house of Marxism itself, related efforts 
to prove one group’s orthodoxy against 
another’s heterodoxy are legion.) Much 
work of a primarily expository, partly 
interpretive nature—whether from the 
historian’s, the economist’s, or the 
political scientist’s point of view—has 
aimed at a coherent view of the Marx- 
ian (or Leninist) position, seeking to 
cope with baffling difficulties of method 
and terminology, and of the substantive 
doctrine itself. There are critical ap- 
praisals “from without,” explicitly based 
on the values of another philosophical 
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or religious position (including such im- 
portant contributions as Father Wetter’s 
study of dialectical materialism) and, 
much more rarely, “immanent cri- 
tiques,” such as Herbert Marcuse’s 
Soviet Marxism (1958) which, starting 
with Soviet Marxism’s _ theoretical 
premises themselves, set forth their 
ideological and _ sociological conse- 
quences in order to reexamine the 
premises in their light. Manifestly, none 
of these loosely defined categories are 
mutually exclusive, since no interpreta- 
tion is possible without an adequate 
presentation of Marxian thought itself 
which, in turn, poses the problem of 
selecting the body of thought that is to 
be so identified in the given case. 
Among the questions which have 
understandably agitated and divided 
students (and some practitioners) is that 
of the connection between Marxist- 
Leninist theory and the actions and 
policies of the Soviet regime. In a sense 
(while it is designed to throw some light 
on it) Ulam’s concern is with the ob- 
verse: what were the main practical as- 
sumptions which, at its inception, af- 
fected the theory and have, in turn, ac- 
counted for its vitality despite manifest 
flaws, as well as the remarkable varia- 
tions of its acceptance in time and 
places. For this, as Ulam points out, we 
have acquired a new awareness, because 
“since World War II we have realized 
that we are in the midst of a yet un- 
finished revolution.” The developing 
areas of Asia, Africa, and Latin 
America, in the throes of the early or 
intermediate steps of the industrial 
revolution, experience, under different 
conditions, the convulsions that Western 
Europe underwent during the first half 
of the 19th century, the environment of 
the young Marx and Engels: “The 


birthpains of modern industrial society 
. . . are being enacted before our eyes. 
We can see more clearly what Marxism 
was about than could the generation for 
whom it was a movement of protest 
against capitalism, an obsolete economic 


theory or a philosophic justification for 
an international Communist conspiracy. 
Also .. . within the context of a highly 
industrialized society, both the insights 
and the limitations of Marxism are more 
clearly perceptible now that a society 
based on Marxist ideology is challenging 
the greatest nonsocialist state for indus- 
trial and political supremacy. . . . We 
can begin to see Marxism not only as a 
set of theories and prophecies . . ., but 
as something that ‘exists in nature’ as 
well.” Thus, in effect, Ulam proposes 
to deal with the character of ideas-in- 
action which, because they are charged 
with human emotions, “have shaped 
and continue to make the modern 
world.” 

Ulam’s argument can be only sketchi- 
ly, and therefore somewhat unfairly, 
suggested here. The significance of 
Marx’s and Engels’ work is seen espe- 
cially in its responsiveness to the basic 
tendencies of the formative industrial 
age of the first half of the 19th century, 
more especially the worship of science 
and mechanization, with the unlimited 
faith in their power to transform man- 
kind, and, in its very opposite, the deep- 
seated protest against the soullessness 
and destructiveness of the machine age. 
In this he sees the “social psychology” 
characteristic of the period of transition 
from the preindustrial to the industrial 
society. Upon this hypothesis, Ulam ex- 
amines certain crucial aspects and con- 
cepts of Marxism to demonstrate that, 
whatever rational difficulties they may 
pose to the critic, they are held together 
by a consistent attunement to the “spirit 
of that age” as the author sees it. Hence, 
dialectical materialism is seen as part 
of the “rationalist revolution against 
traditionalism and the status quo.” 
Marxian economic theory, whose cru- 
cial concepts stem from the classicists, 
extolling the revolutionary leverage of 
the admired (yet resented) industrialism 
which will initiate a higher relation of 
man to the material forces, is grounded 
on the assumption that the English 19th- 
century development can serve as a 
universal model. The capitalist, at once 
promoter and beneficiary of industrial 
progress, is devoured by it as the his- 
torical process works itself out. The 
very simplifications of the Marxian view 
of classes and the class struggle are 
seen to stem from the overwhelming 
preoccupation with the dynamics of 
that development which both fascinates 
and repels. Marx’s often-noted reticence 
on the nature of socialism is here ex- 
plained by the proposition that Marx 
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really envisaged socialism as a capitalism 
without capitalists. Marx’s ideal worker 
is pictured to be as ruthlessly rational 
in his planned struggle as the capitalist 
himself. Thus, far from desiring the 
simple destruction of capitalism (like 
many of the socialist-utopians under at- 
tack by Marx and Engels), Marxism 
really aims at salvaging its essential 
disciplines into the future. It is at such 
points that the author’s interpretations 
will appear to some readers as question- 
able. What is truly consistent through- 
out the Marxian system, according to 
Ulam, is the revolutionary repudiation 
of the status quo and the confident ac- 
ceptance of the immutable laws of ma- 
terial development which will work 
themselves out to the full. 

Other aspects of the Marxian ideology 
are illuminated in a chapter devoted to 
the “sources of Marxism,” a term which 
apparently is to encompass both rele- 
vant intellectual influences and the 
underlying social phenomena they are 
shown to reflect. The characteristic pre- 
occupation with the fundamental clash 
of city and country ways in a transi- 
tional period is seen to have affected 
Marx as it did many of his contem- 
poraries. This is, of course, at the root 
of the Marxian concept of alienation 
which, as others have brought out, 
Marx has in common with many con- 
temporary conservative thinkers. Such 
considerations underlie Ulam’s proposi- 
tion that, while the faith in science and 
technology shared with liberals of all 
shades is crucial to Marxian logic, anti- 
industrialism with some associated traits 
of anarchism is basic to the Marxian 
emotional pattern. An examination of 
the work and aspirations of Cobbett, 
Proudhon, and the Chartist movement 
in their relevance to Marxian attitudes 
leads Ulam to the conclusion that 
“Marxism is the type of socialism that 
believes in industrialization but can live 
as a revolutionary movement of im- 
portance only in symbiosis with a wide- 
spread anti-industrial feeling.” 

Since in the author’s view, with 
which many will agree, Marx and 
Engels fundamentally persisted in their 
understanding of the socioeconomic 
conditions of capitalism as they had 
formulated it by about 1850, Marxian 
doctrine failed to take into account the 
manifest and major changes of that sys- 
tem during the next decades. Hence, 
Marxism became set in a pattern closely 
linked to an early transitional system 
and could not effectively appeal to the 
evolving British labor movement of 
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later decades, just as its growing “ir- 
relevance” accounts for the efforts of 


German Revisionism and the decline of 


German Marxian orthodoxy precisely 
as German labor built up an organized 
mass movement in a maturing industrial 
system. 

On the other hand, it is this very 
characteristic of the Marxian heritage 
which leads to its impact in Russia since 
the 1880’s, its adoption as the “philoso- 
phy of total liberation,” and the Leninist 
adaptation to that environment. As 
Stalinism succeeds in making over 
Soviet society in the process of ac- 
celerated industrialization, neo-orthodox 
Marxism-Leninism loses its hold and 
meaning in the Soviet community as it 
becomes essentially irrelevant to this 
stage of development. From the need 
to create new appeals and revive the 
ideological motivation of Soviet man, 
the masters of the Soviet system turn 
outward: even though Marxism-Lenin- 
ism has become growingly artificial at 
home, it can serve, with the support of 
Lenin’s theory of imperialism, “as the 
natural ideology of underdeveloped 
societies in today’s world,” while the 
offerings of Western liberalism are at a 
disadvantage by comparison. 

The power of Communism in this 
situation is seen to lie in the inherited 
insight it carries into the psychology of 
masses and leaders in societies affected 
by the traumatic experiences of drastic 
change (both in terms of aspirations and 
aversions) and the meaning it attaches 
to change; while it ascribes the evils to 
capitalism-imperialism and its agencies, 
it instills a sense of purpose and a goal. 
Among the lessons which Ulam be- 
lieves his analysis implies for the West, 
there is the view that ideological com- 
petition is less important than provid- 
ing the social and economic founda- 
tions upon which democratic ideas and 
institutions may become meaningful. It 
is his belief that such institutional sup- 
ports as trade unionism and sound ad- 
ministration count for more than ad- 
herence to formal constitutional pro- 
cedures. 

Ulam’s Unfinished Revolution is a 
remarkable appraisal of the operative 
forces underlying Marxian socialism 
and communism in the light of hind- 
sight and of modern experience. Its 
impressive single-mindedness, which 
will deter some, commands respect. It 
also gives unity to a vast and complex 
body of materials. No doubt such unity 
has its risks since it results in some 
labored or problematic interpretations 


of Marxian theory (such as his view 
of Marx’s real opinion concerning the 
relation between social revolution and 
the fate of capitalism or his cavalier 
dismissal of Marx’s views on the Paris 
Commune as of slight significance). 
This is not only a stimulating re-evalua- 
tion of an important body of doctrine 
and intellectual history; it might also 
serve as a healthy reminder to decision- 
makers that ideas and _ ideologies, 
“theirs” and ours, are in some crucial 
ways linked with their socioeconomic 
and, more broadly, their particular cul- 
tural foundations. 

WOLFGANG H. Kraus 
Department of Political Science, 
George Washington University 


Fast Neutron Physics. Part 1. Tech- 
niques. J. B. Marion and J. L. 
Fowler, Eds. Interscience, New York, 
1960. xiv + 983 pp. Illus. $29. 


This book is a gold mine of informa- 
tion on how to do work in experimen- 
tal, fast-neutron physics (here taken to 
be from 1 kev to several hundred Mev 
but primarily below 40 Mev). The 
book contains many tables and graphs. 
The material is concerned chiefly with 
fast-neutron physics with positive ion 
accelerators, from which most of our 
information on fast-neutron interactions 
has come. However, some areas are not 
covered—for example, reactor experi- 
ments on fast-neutron radiation effects 
and neutron experimentation with elec- 
tron linear accelerators, although they 
fall within the neutron energy range 
considered. 

The volume includes discussions of 
neutron sources, recoil-detection meth- 
ods, and detection by neutron-induced 
reactions, and a section on special tech- 
niques and problems covering a variety 
of subjects, such as time-of-flight tech- 
niques and fast-neutron radiation haz- 
ards; the portion on hazards includes 
a discussion of neutron radiation biol- 
ogy for physicists. 

The editors have assembled an out- 
standing group of workers in neutron 
physics as contributors to the volume; 
and they have chosen, probably cor- 
rectly, to allow each contributor to 
write an independent section and, there- 
fore, to tolerate some duplication. Some 
of the articles are extremely good and 
contain much new information not 
available elsewhere. I was particularly 
impressed by the usefulness of the arti- 
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cles by A. Langsdorf (on neutron colli- 
mation and shielding) and J. H. Coon 
(on target preparation). 

It is unfortunate that the reproduc- 
tion of some of the figures is poor. 

There is no question that this will be 
an invaluable reference work for physi- 
cists working with fast neutrons and 
for many other scientists. We look 
forward to the second volume, in which 
the results of these techniques, applied 
to neutron experiments, will be con- 
fronted with theory. 

R. S. CASWELL 

Neutron Physics Section, 
National Bureau of Standards 


Encyclopaedia of Microscopic Stains. 
Edward Gurr. Williams and Wilkins, 
Baltimore, Md., 1960. xii + 498 pp. 
Illus. $18.50. 


This encyclopedia is a well-arranged 
guide to stains. Section 1 presents, in 
alphabetical order, the numerous stains 
and has highly welcome, additional in- 
formation on their structure and solu- 
bility in different solvents. Section 2 
deals with stains and indicators (ar- 
ranged in order of ascending molecular 
weight); section 3 with diazonium and 
tetrazomium salts; and section 4 with 
tetrazolium salts and formazans. Con- 
sidering their steadily increasing impor- 
tance and the applications of tetra- 
zolium salts, the reader would welcome 
additional information similar to that 
given in the sections on the more com- 
mon stains. The book by Baker, Prin- 
ciples of Biological Microtechnique, is 
highly recommended by Gurr, and it 
may be helpful in this respect. Section 
5 gives many well-selected references. 

A. T. KREBS 
Biology Department, University of 
Louisville, and U.S. Army 
Medical Research Laboratory 


The Changing Middle East. Emil Leng- 
yel. Day, New York, 1960. 376 pp. 
$5.75. 


The author, professor of history at 
New York University, undertakes to 
describe and assess the social and, espe- 
cially, the political changes that oc- 
curred between 1950 and 1960 in Egypt 
and Syria, Iraq, Lebanon, Jordan, Su- 
dan, Libya, the Arabian Peninsula, Tur- 
key, Iran, and Israel, and to relate these 
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changes to the foreign policy of the 
United States, which has in recent years 
been faced with so many critical situa- 
tions. 

Most of the book is devoted to the 
Arab states, their internal problems, 
and their relations with other states 
within the area. A chapter on Egypt 
and Arab unity constitutes one-third of 
the volume, and the theme of Nasser’s 
ambition for unity and the resistance to 
it permeates all the chapters on the 
Arabs. Much emphasis is given to the 
activities of the United States in con- 
nection with the oil industry. 

Israel receives the second largest 
amount of space; its treatment includes 
not only the second longest chapter in 
the book but also much material, in the 
Arab sections, on the policies of the 
Arabs toward Israel. Iran and Turkey 
are peripheral to the group of states 
forming the core of the Middle East— 
that is, the Arab states and Israel. There 
is one appendix containing a table on 
areas, populations, and forms of gov- 
ernment. 

The tone of the book is definitely 
political and, in many aspects, seems 
to lack objectivity. One fault is due to 
careless writing. There are numerous 
mistakes. For example, Count Berna- 
dotte is referred to as “the United 
States Mediator for Palestine”; and it 
is stated that, when the British and 
French took action in 1956, they de- 
manded that Egypt and Israel “cease 
fighting and withdraw their forces to 
positions ten miles east of the Suez 
Canal” (italics added) instead of ten 
miles on each side. 

The author’s prejudices appear fre- 
quently in his use of frivolous words, 
particularly regarding the Arab coun- 
tries. In his relations to Iraq’s Qassem, 
Nasser “The strong man. . . could huff 
and puff.” In the 1958 crisis in Leba- 
non, the U.S. Marines found no ob- 
stacle to landing on the beaches except 
“the attractive and pleased young 
women in bikini suits.” 

There is a definite slant favoring Is- 
rael. The Arabs boycott Israel because 
Israel “provides the most telling illus- 
tration of an intrusion, a dynamic way 
of life.” Israel’s “supremacy was mani- 
fest in all phases of social activities.” 
Nowhere in the book is there any seri- 
ous criticism of Israel. No mention is 
made of the Stern Gang, the massacres 
of Arab villagers which created the 
refugee problem, the assassination of 
Count Bernadotte, or the ignoring of 
United Nations’ resolutions looking to- 


ward a settlement. Israel appears to be 
the innocent victim of Arab hatred, 
where the various rulers need a whip- 
ping boy on whom to blame their own 
mistakes. The conclusion is that “time 
is on their side, the Israeli believe, and 
even the more pessimistic among them 
like to feel that an eventual combina- 
tion of dawning realism and boredom 
among the Arabs will produce the be- 
ginning of peace.” 

WENDELL CLELAND 
American University, 
Washington, D.C. 


Salt Marshes and Salt Deserts of the 
World. V. J. Chapman, Leonard Hill, 
London; Interscience, New York, 
1960. xvi + 392 pp. Illus. $14.50. 


This volume represents a major syn- 
thesis of information about salt marshes. 
Almost throughout, the approach is that 
of the plant community and of the in- 
terrelationships of communities. It is 
interesting, almost refreshing, to read 
such a strong presentation of the com- 
munity viewpoint and of postulated suc- 
cessional relationships. Environmental 
factors which loom large in importance 
in relation to these communities are the 
nature of the substratum; the elevation, 
including changes in elevation, of the 
land relative to the sea; and ever-present 
man with his grazing animals. Fewer 
data are available, and less material is 
presented, for a synthesis on the physi- 
ology and autecology of halophytes 
found throughout the expanse of salt 
marshes and salt deserts of the world. 
The manner in which man has, with 
greater or lesser wisdom, utilized these 
areas is noted. These instances seem to 
me to furnish prime examples of the 
importance of wild areas. Intensive rec- 
lamation of wild marshes may kill the 
goose that lays the golden egg, for these 
very wild species have, by their growth 
as primary colonists, brought about the 
building up of the land areas which 
progressively may be converted to graz- 
ing, haying, or crops. For salt deserts 
the great importance of wise use of ap- 
plied waters and of suitable crops is il- 
lustrated. The mistakes of the past, and 
our present lack of knowledge, can be 
seen from the record here presented. 
Their import is perhaps most striking 
in southwestern Asia and in Africa. 

Marsh and desert suggest highly 
varied water regimes, which turn out 
not to be so distinctive (though this 
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point is not fully discussed) because the 
salt deserts are often found in physio- 
graphic situations with enhanced mois- 
ture as well as salt in the soil. To quote, 
“Maritime salt marshes . . . comprise 
areas of land bordering on the sea, 
more or less covered with vegetation, 
and subject to periodic inundation by 
the tide. . . . Salt deserts, on the other 
hand, are inland areas carrying a similar 
or almost identical type of vegetation.” 
Although not excluded by the definition 
of salt marshes above, mangroves were 
not discussed. The criteria for exclud- 
ing coastal, tidal communities (such 
as mangroves) and for delimiting salt 
desert seems to be the presence of a 
similar type of vegetation throughout, 
based largely on the plant community 
approach. 

The heart of the text is a thorough 
discussion of salt marshes, in much de- 
tail for England and becoming more at- 
tenuated with remoteness from the gen- 
eral North Atlantic region. The focus 
is primarily vegetational, with an em- 
phasis on diagrammatic “successional” 
relationships. In this broad synthesis, 
the author points out the difficulties in- 
herent from the different terminology 
and methods of study used by various 
researchers. For the nonspecialist reader 
this difficulty is greatly compounded. I 
feel that the enthusiasm of some plant 
sociologists for reducing communities 
to an orderly sequence of names has 
almost forced the awakening of the 
schools which emphasize the species- 
level approach to vegetation. In the 
present text the very commendable sec- 
tion on autecology could have been ex- 
panded profitably. A further help would 
have been the inclusion, early in the 
book, of a table setting forth the species 
named throughout, in their taxonomic 
relationships, together with life form 
or similar means of bringing the names 
to life for a reader in another part of 
the world. The illustrations are numer- 
ous and seem well chosen. They were 
not always fully intelligible to me; this 
is more so for materials close to the 
author’s background and work. I felt 
somewhat like an intruder when 
confronted with places whose names 
were given or which were even mapped 
on a very local scale, but which diligent 
use of an atlas failed to reveal. 

I have included these criticisms, 
which certainly are minor considering 
the scope of Chapman’s valuable work, 
as suggestions for the forthcoming pub- 
lication on mangroves, and as a plea for 
further recognition by authors of the 
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fact that a work as important as this 
one will have an international audience, 
the members of which simply are un- 
able, with the references reasonably 
available to them, to enter on terms 
of familiarity into a discussion of local 
situations. 

A world map showing the extent of 
salt marsh and salt desert vegetation 
would have been very helpful. This map 
would better define the world-wide ex- 
tent and importance of these areas and 
would help in locating local areas. It 
would also clarify whether a given 
area, which may be known to the read- 
er, had been omitted from the discus- 
sion because of limited space or because 
it was not considered to meet the criteria 
for the book. 

Little discussion is included on the 
animal life and the nature of the eco- 
system in the several areas. A special 
dividend for the botanist is the care 
given to including the algae of those 
areas for which information was avail- 
able. Very interesting are the reports of 
mosses in certain northern salt marshes. 
Throughout there are excellent cross 
references for the discussions. Salt 
Marshes and Salt Deserts of the World 
advances significantly our understanding 
of one of the world’s partially remain- 
ing frontiers of agricultural and scien- 
tific knowledge. 

WILLIAM C. ASHBY 
Department of Botany, 
University of Chicago 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


Bayet, Michel. Physique nucléaire. Mas- 
son, Paris, 1960. 407 pp. NF. 65. 

Bergen, J. T., Ed. Viscoelasticity. Phe- 
nomenological aspects. Academic Press, 
New York, 1960. 160 pp. $6. Papers pre- 
sented at a symposium sponsored by the 
Armstrong Cork Co., 28-29 April 1958. 

Bluemle, Andrew, Ed. Saturday Science, 
Dutton, New York, 1960. 333 pp. $5.95. 

Bube, Richard H. Photoconductivity of 
Solids. Wiley, New York, 1960. 480 pp. 
$14.75. 

Clauser, Francis H., Ed. Symposium 
of Plasma Dynamics. Addison-Wesley, 
Reading, Mass., 1960. 378 pp. $12.50. 
Based on an international symposium 
held at Woods Hole, Mass., June 1958. 

Collar, A. R., and J. Tinkler, Eds. Hy- 
personic Flow. Academic Press, New 
York; Butterworths, London, 1960. 447 
pp. $13.50. Proceedings of the 11th sym- 
posium of the Colston Research Society, 
held at the University of Bristol, 6-8 
April 1959. 

D’Eye, R. W. M., and E. Wait. X-ray 
Powder Photography in Inorganic Chem- 


istry. Academic Press, New York; But- 
terworths, London, 1960. 230 pp. $8.50. 

Emmons, William H., Ira S. Allison, 
Clinton R. Stauffer, and George A. Thiel, 
Geology. Principles and processes. Mc- 
Graw-Hill, New York, ed. 5, 1960. 491 
pp. $7.95. 

Frechette, V. D., Ed. Non-crystalline 
Solids. Wiley, New York, 1960. 554 pp. 
$15. These papers and the remarks at the 
conclusion of each paper represent the 
proceedings of a conference held at Al- 
fred, New York, 3-5 September 1958. 

Gackenbach, R. E. Materials Selection 
for Process Plants. Reinhold, New York; 
Chapman and Hall, London, 1960. 318 
pp. $8.50. 

Gamow, George, and John M. Cleve- 
land. Physics. Foundations and frontiers. 
Prentice-Hall, Englewood Cliffs, N.J., 
1960. 569 pp. $7.95. 

Gaynor, Frank. Aerospace Dictionary. 
Philosophical Library, New York, 1960. 
272 pp. $6. 

Goertzel, Gerald, and Nunzio Tralli. 
Some Mathematical Methods of Physics. 
McGraw-Hill, New York, 1960. 313 pp. 
$8.50. 

Goldberg, Samuel. Probability. An in- 
troduction. Prentice-Hall, New York, 
1960. 336 pp. $7.95; text edition, $5.95. 

Goodwin, Felix. The Exploration of 
the Solar System. Plenum Press, New 
York, 1960. 200 pp. $6.50. 

Halbwachs, Francis. Théorie relativiste 
fluides ad Spin. Gauthier-Villars, 
Paris, 1960. 304 pp. $12.50. 

Hess, H. H. Stillwater Igneous Com- 
plex, Montana. With an appendix, “Op- 
tical properties of low-temperature pla- 
gioclase,” by J. R. Smith. Memoir 80. 
Geological Society of America, New 
York, 1960. 230 pp. The paper was pre- 
sented as the presidential address before 
the Mineralogical Society of America in 
1955. 

Higdon, Archie, Edward H. Ohlsen, 
and William B. Stiles. Mechanics of Ma- 
terials. Wiley, New York, 1960. 516 pp. 
$775; 

Hill, Terrell L. An Introduction to 
Statistical Thermodynamics. Addison- 
Wesley, Reading, Mass., 1960. 524 pp. 
$9.75. 

International Atomic Energy Agency. 
Education and Nuclear Energy. 142 pp. 
$1.50. Report of a seminar held 6-10 
July 1959 at the Nuclear Research Cen- 
ter, Saclay, France. Heavy Water Lat- 


tices. 142 pp. $1.50. National Agency 
for International Publications, New 
York, 1960. 


Kaufmann, Dale W., Ed. Sodium Chlo- 
ride. The production and properties of 
salt and brine. Reinhold, New York; 
Chapman and Hall, London, 1960. 757 
pp. $20. Data on sources, production, 
properties, and uses of salt and brines. 

Krauskopf, Konrad, and Arthur Bei- 
ser. The Physical Universe. McGraw-Hill, 
New York, 1960. 544 pp. $8.95. 

Lewis, W. V. Investigations on Nor- 
wegian Cirque Glaciers. Royal Geo- 
graphical Society, London, 1960. 104 pp. 

Phillips, Charles John. Glass. Its in- 
dustrial applications. Reinhold, New 
York; Chapman and Hall, London, 1960. 
260 pp. $6.95. 
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Anaerobiosis in Marine 
Sandy Beaches 


Abstract. Organisms living at depths 
greater than 5 to 10 cm in marine beaches 
composed of fine sand are completely 
anaerobic whenever their particular section 
of beach is covered by water. Anaerobic 
conditions are continuous if the slope of 
the beach is slight enough so that capillary 
forces keep the sand saturated with water 
even at low tide. 


The water in the spaces between the 
sand grains of beaches supports an 
abundant and varied flora and fauna. 
In marine beaches, bacteria of a wide 
range of types are present in numbers 
varying from at least several thousand 
to several million per gram of sand 
in the surface layers between tide 
marks. There tends to be a decrease 
in numbers as the low tide line is ap- 
proached and as one goes down into 
the sand. There is also a decrease in 
the proportion of aerobic forms with 
depth (J, 2). Diatoms and various 
other algae are often numerous, with 
diatom numbers ranging up to at least 
20,000 per cubic centimeter of sand. 
Living algal cells commonly occur to 
depths of 8 to 10 cm, but photosyn- 
thesis and growth are restricted by the 
lack of light to the upper centimeter 
or less (J, 3). A wide variety of uni- 
cellular and metazoan animals also 
occurs. Microscopic forms are common 
to depths greater than 40 cm and are 
more abundant than macroscopic types. 
Many hundreds of species of such 
“psammophile” animals have been de- 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


scribed from beaches in various parts 
of the world. Nematodes probably are 
the most abundant and varied group 

The physical and chemical environ- 
ment in which these organisms exist 
is a rigorous one in many ways. Several 
studies have shown that perhaps the 
most stringent condition imposed is 
that of oxygen shortage, if not complete 
lack of oxygen, for extended periods. 
The present study was undertaken both 
to check the small number of direct 
observations of interstitial oxygen con- 
centrations reported previously (1, 5) 
and to find out more about the duration 
of periods of oxygen shortage experi- 
enced by the flora and fauna of the 
sand. 

Interstitial oxygen concentrations 
were measured to depths up to 20 cm 
in four beaches in various parts of 
Southern California and Baja California. 
None of these beaches were polluted 
as a result of human activities. The 
study areas on the four beaches differed 
considerably in the size distribution of 
particles in the surface sand (Table 1). 
Beach slopes ranged from < 1° above 
horizontal at Rincon to 6° at Corona 
del Mar. The coarse-sand beach at 
Gonzaga Bay was underlain by a rough 
layer of solid rock at a depth of about 
10 cm; the other, finer-sand beaches 
all had sand layers at least several 
feet thick. Surf action was nil to light 
during the study periods at all beaches. 
Measurements during both falling and 
rising tides were made only at Gonzaga 
Bay and Corona del Mar. 

Subsurface water samples free of 
visible debris were obtained completely 
without contact with the air by suction 
into 5 or 10 cm’ glass hypodermic 
syringes. At Gonzaga Bay long hypo- 
dermic needles were simply inserted 
into the sand to the desired depths. At 
the other beaches a sampler was used 
which consisted of a length of trans- 
parent plastic tube marked off in centi- 
meters. This was fitted with an ordinary 
aquarium air-bubbler stone as a filter 
at the lower end and a standard hypo- 
dermic needle base attached to the outlet 
side of a small, airtight brass line valve 


at the upper end. Series of samples 
were taken at each location, from an 
initial depth of 20 cm and at 5-cm 
intervals from that point to the surface. 
At each depth, sampler and syringe 
were flushed several times with the 
interstitial water from that depth. Cal- 
culations based on the volume of water 
flushed through the sampler at each 
point indicate that a sphere of about 3 
cm radius was sampled. Samples for 
analysis were stored in the syringes in 
which they were taken. The syringes 
were sealed from the air by tightly 
fitting glass rods inserted, without any 
bubble entrapment, into short lengths 
of Tygon tubing fitted over the syringe 
nozzles. 

Oxygen analyses were carried out 
with the method and apparatus of 
Scholander et al. (6). One-cubic- 
centimeter aliquots of the water samples 
were analyzed within 6 hours of collec- 
tion. Duplicate analyses run within a 
few minutes agreed within 1 to 2 per- 
cent. Duplicate analyses of samples 
stored for periods of 24 hours showed 
less than 10 percent decrease in oxygen 
content due to respiration of contained 
bacteria and other microscopic organ- 
isms. 

Regardless of tidal stage, as long as 
the spaces between the sand grains were 
filled with water, all the beaches studied 
showed markedly lower oxygen con- 
centrations in the interstitial water than 
in the surface sea water. The rapidity 
of the decrease in oxygen content with 
increase in depth varied with particle 
size distribution. 

‘At Gonzaga Bay, surface water con- 
centrations ranged between 5.5 and 7.0 
cm*/lit. (5 samples), while samples 
from 10 cm into the beach (the deepest 
obtainable due to the underlying rock 
layer) varied from 2.0 to 6.0 cm’/lit. 
(14 samples). No consistent pattern 
of variation of interstitial oxygen con- 


Table 1. Weight percentages of particle size 
classes in mechanically sieved single samples 
of surface sand from beach study in the fol- 
lowing areas: north shore, San Luis Gonzaga 
Bay; cove, south shore, Punta Banda; Rin- 


con, just north of Punta Banda; county 
beach, Corona del Mar. 
Corona 
Sand Baja California, Mexico, 1959 del Mar, 
Calif. 
(mm) 59 jan.- Banda 24-25 Jan, 
3 Feb. 23 June June 1960 
>4.0 0.7 0.0 0.0 0.0 
4.0 -2.0 1.6 0.0 0.0 0.0 
2.0 -1.0 8.5 0.5 0.0 0.5 
1,0 -0.50 82.8 2.1 0.4 3.4 
0.50-0.25 6.7 4.4 0.6 19.5 
0.25-0.12 4.0 87.7 8.6 65.6 
0.12-0.062 0.5 4.8 41.6 10.3 
< 0,062 0.2 0.5 48.8 0.7 
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Fig. 1. Interstitial oxygen concentrations 
in the beach at Corona del Mar during 
both rising and falling tides. Sampling 
sites 3 to 5 m apart horizontally normal 
to the surf line. “Above water line,” 
highest area on the beach reached by 
wash of breaking waves at time of sampling; 
“water line,” area on the beach covered 
by wash of breaking waves about 50 per- 
cent of the time of sampling; “below 
water line,” lowest area on the beach 
exposed to the air by the receding wash 
of breaking waves at time of sampling. 


centration with respect to position on 
the beach relative to water level on 
either falling or rising tides could be 
determined at Gonzaga Bay. The low- 
est concentration measured was 0.4 
cm*/lit. at a depth of 3 cm at the 
water line on a falling tide. Pockets 
of relatively stagnant water retained in 
depressions in the surface of the under- 
lying rock layer probably account for 
the variability of results here. 

Surface water in the cove on the 
south shore of Punta Banda had 5.4 
to 5.5 cm*® of oxygen per liter (2 
samples). Interstitial oxygen 3 to 5 
cm into the beach at the water line 
on a falling tide was 0.9 to 1.4 cm’/lit. 
(4 samples taken within 20 cm of one 
another). 

Surface water at Rincon had 4.8 to 
4.9 cm® of oxygen per liter (2 samples). 
The beach here is flat, and the sand is 
fine, so that capillary forces keep the 
interstices between the sand grains filled 
with water even near the high-tide line 
at low water. Two sets of duplicate 
samples from two places on the beach 
about 1 mile apart, both sets taken some- 
what above midtide level just before the 
tising tide covered the sampling spots, 
showed 0.5 to 0.6 cm’*/lit. at 2 to 3 cm, 
0.1 to 0.2 cm*/lit. at 5 to 7 cm, and 
0.0 to 0.1 cm*/lit. at 10 to 12 cm. 
The sand was black and gave off: an 
odor of H:S below about 12 cm. 

The more complete study of the 
beach at Corona del Mar demonstrates 
another point in addition to the occur- 
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rence of anaerobiosis (Fig. 1). This is 
that whatever oxygen enters the beach 
disappears rapidly. All observations 
were made in an area about 5 cm long 
at about the two-thirds tide level on the 
beach. Independent series of analyses 
were made on two different days for 
each situation. Single samples were 
taken from each depth in each series. 
Points plotted in Fig. 1 are means for 
the replicated series, which averaged 
agreement within 0.3 cm’*/lit. for samples 
from depths of 5 cm or more. In each 
situation air-saturated water percolated 
into the beach from the waves washing 
up on its surface. On the rising tide, 
when the interstices were full of air 
to start with, percolation was very 
rapid. This resulted in uniform oxygen 
saturation of the water filling the inter- 
stices, at least down to 20 cm. This 
oxygen was completely gone, however, 
at depths of 15 cm and more, within 
15 to 20 minutes (the time required 
for the water line to move up the beach 
the distance between the “below water 
line” and “water line” sites). 

The situation on the falling tide was 
even more extreme, anaerobiosis occur- 
ring at 5 cm at and below the water 
line. Part, at least, of the rapid drop in 
oxygen concentrations between the 
“above water line” and “water line” 
sites in this situation was due to slowing 
of percolation of surface water by the 
anaerobic water already present between 
the sand grains. 

Some, but not all, of the samples 
from 10 cm or more into the beaches 
contained larger quantities of dissolved 
inert gases (N:,Ar, perhaps CH.) than 
did surface water samples. 

The organisms inhabiting fine-grained 
intertidal sandy beaches at depths 
greater than 5 to 10 cm must, therefore, 
be capable of surviving periods of com- 
plete anaerobiosis which are very nearly 
equal in duration to the periods when 
these particular portions of the beach 
are submerged by the tide. If the 
beach involved is very fine-grained, with 
little slope, anaerobic conditions may be 
continuous. Organisms living in sands 
below low tide line are almost surely 
continuously anaerobic. 

The biochemical and physiological 
adaptations which allow metazoan ani- 
mals to survive under these extreme 
conditions must be very striking. The 
existence of such adaptations is strongly 
indicated by the fact that several types 
of sand-dwelling mollusks and nema- 
todes can survive complete anaerobiosis 
in the laboratory for periods of months 
and that many other forms survive up 
to at least 1 week (7, 8). 

MALcoLM S. GoRDON 
Department of Zoology, 
University of California, Los Angeles 
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Sequential Deoxyribonucleic 
Acid Replication 


The deoxyribonucleic acid (DNA) 
synthesizing system of Kornberg and 
co-workers (/) provides a basis for re- 
finement of the commonly held me- 
chanical schemata of DNA replication. 
Diagrams to illustrate replication of the 
Watson-Crick structure generally show 
the simultaneous formation of two 
double structures at each growing point, 
as in Fig. 1. Since the unfinished chains 
are antiparallel, such diagrams require 
that the chains grow by different 
mechanisms: one by addition to the 3’- 


Fig. 1. Replication of Watson-Crick struc- 
ture, showing simultaneous formation of 


two double structures at each growing 
point. 


Fig. 2. Undirectional growth of DNA 
chain, showing sequential (left) and semi- 
sequential (right) growth. 
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position of the nucleoside end, the other 
to the 5’-phosphate end. The latter 
chain would have to end with a tri- 
phosphate. 

Both possibilities of chain growth 
were at one time considered by Korn- 
berg (2), but later the “limited reaction” 
experiments (3) showed that new units 
are added only to the nucleoside ends 
of the primer chains. Thus the growth 
of DNA chains may well be unidirec- 
tional, in which case the diagrams in 
Fig. 1 are erroneous, and Fig. 2 more 
nearly represents the process. 

In consequence of unidirectional 
chain growth, the formation of replicate 
double structures is sequential (Fig. 
2, left) or semisequential (Fig. 2, 
right); that is, the formation of 
one of the new chains, or a dif- 
ferent half-length of each new chain, 
does not begin until the initial 
double structure has been completely 
separated. In either case the addition 
of nucleotides proceeds at twice the rate 
per chain that would be surmised from 
the corresponding simultaneous model. 
Unlike simultaneous models, sequential 
models predict that up to one-third of 
the unit DNA is in the single-stranded 
form at some time in the replication 
cycle, the observable amount depend- 
ing on the degree of synchrony among 
units. If this is true, it may relate to 
changes in function and in sensitivity 
to certain agents during the division 
cycle. If separation of the chains al- 
ways begins at the same end (for ex- 
ample, where the other end is attached 
to another structure), then the single 
chain exposed in successive divisions is 
always the same member of the com- 
plementary pair. 

K. C. ATwoop 
Division of Biological Sciences, 
University of Chicago, Chicago, Illinois 


References and Notes 


1, A. Kornberg, Science 131, 1503 (1960). 

2. A. Kornberg, in The Chemical Basis of Hered- 
ity, W. D. McElroy and B. Glass, Eds. (Johns 
Hopkins Press, Baltimore, 1957). 

3. J. Adler et al., Proc. Natl. Acad. Sci. U.S. 44, 
641 (1958). 


10 June 1960 


Seleno-Amino Acid Found in 
Astragalus bisulcatus 


Abstract. Ion-exchange and filter-paper 
columns were used in a separation of amino 
acids from an extract of Astragalus bisul- 
catus. Two amino acids were identified, 
S-methylcysteine and Se-methylseleno- 
cysteine. 


The identification of naturally oc- 
curring selenium compounds has been 
a subject of investigation since the dis- 
covery of selenium in plant material (/). 
Horn and Jones (2) reported the isola- 
tion from Astragalus pectinatus of a 
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Table 1. Ry values of S-amino acids, with 
solvent mixtures A (3) (ethanol, 1-butanol, 
water, and dicyclohexylamine, 10:10:5:2 by 
volume) and B (formic acid, tert-butyl alco- 
hol, and water, 15:70:15 by volume). 


Ry X 100 
Amino acid Solvent A Solvent B 

Cystine 31.3 9.4 
Homocystine 30.5 22 
Cystathionine 20.6 12.3 
Djenkolic acid 26.6 10.4 
Methionine 67.1 67.3 
Methionine sulfoxide 37.7 47 
S-methylcysteine sulfoxide 41.2 5233 
S-methylcysteine, synthetic 68.2 57.6 
Se-compound from 


A. bisulcatus 67.8 58 


crystalline substance containing sulfur 
and selenium, which analyzed as a com- 
plex of 2 parts of selenocystathionine 
and 1 part of cystathionine. 

It was our aim to isolate the seleni- 
um compound in Astragalus bisulcatus 
(two-grooved milk vetch) in a manner 
which would avoid any rearrangements. 
We used ion-exchange and filter-paper 
columns for the separation. 

The gross separation of the amino 
acids was made with Amberlite resins. 
About 80 percent of the selenium was 
found in the neutral amino acid frac- 
tion. Two-dimensional paper chromato- 
grams were made of this fraction of the 
A. bisulcatus extract. By analyzing 
these paper chromatograms we found 
that the selenium appeared in only one 
spot. The spot did not coincide with 
the sulfur amino acids cystine, homo- 
cystine, lanthionine, cystathionine, djen- 
kolic acid, methionine, methionine sulf- 
oxide, and S-methylcysteine sulfoxide 
(see Table 1). The unknown selenium 
spot from A. bisulcatus had the same 
Rr values as S-methylcysteine and its 
selenium analog. In fact, when A. 
bisulcatus extract was chromatographed 
with either of these acids the same 
amino acid map was obtained. 

The A. bisulcatus used for this work 
was collected in Wyoming and Montana. 
Dried leaves and stems were ground in 
a Wiley mill; they analyzed 0.1- to 0.3- 
percent selenium. A 10-percent water 
extract was made with isopropyl alcohol 
as preservative. The neutral amino 
acids were separated from most of the 
other compounds by the use of the 
Amberlite resins IR-4B, buffered IRC- 
50, and IR-120 (acid form). Absorbing 
these neutral amino acids on Dowex 
50 x 4 (200 to 400 mesh) and eluting 
with 0.01M NHs gave a partial separa- 
tion into a sulfur and a selenium frac- 
tion. The sulfur fraction contained 
proline and small amounts of other 
amino acids, but no selenium. The 
selenium fraction contained some sulfur 
amino acid, alanine, valine, proline, 
glycine, and all of the selenium com- 


pound. These two fractions were treated 
separately to isolate the S- and Se- 
amino acids. 

The sulfur fraction was passed 
through filter-paper columns, with sol- 
vent mixtures A (3) (see Table 1) and 
C (formic acid, tert-butyl alcohol, ace- 
tone, and water, 5:40:40:15 by volume). 
The portions containing only the sulfur 
compound were pooled, flash evapo- 
tated, and crystallized several times 
from ethanol. The infrared spectrum 
for this crystalline sulfur amino acid 
was identical with that of synthetic S- 
methylcysteine (4). The analysis: calc. 
for C:H.O:NS: C, 35.54; H, 6.71; N, 
10.36; S, 23.72. Found: C, 35.80; H, 
6.42; N, 10.10; S, 23.55. The agree- 
ment of analysis, infrared spectra, and 
Rr values indicates that the sulfur 
amino acid in A. bisulcatus is S-methyl- 
cysteine. 

The selenium amino acid fraction, 
when subjected to the same procedures, 
yielded a crystalline solid which ana- 
lyzed for 38.5 percent selenium (calc. 
for Se-methylselenocysteine: 43.37). The 
infrared spectrum of the crystalline 
selenium compound was very close to 
but not exactly the same as that of 
pure synthetic Se-methylselenocysteine 
and seemed to indicate the presence of 
both S-methylcysteine and Se-methyl- 
selenocysteine (4). The Rr values with 
solvent mixtures A and B of synthetic 
Se-methylselenocysteine and of the na- 
tural seleno-amino acid are identical 
and are also identical with those of S- 
methylcysteine; they differ from those 
of methionine and selenomethionine. 
The results seem to indicate that the 
seleno-amino acid found in A. bisulca- 
tus is Se-methylselenocysteine, at this 
stage of the work not yet completely 
separated from S-methylcysteine (5). 

SaM F. TRELEASE* 
Department of Botany, . 
Columbia University, New York 
Aucust A. Di SOMMA 
ALLEN L. JAcoss 
Department of Chemistry, College 
of Pharmacy, Columbia University, 
New York 
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Respondent Salivary 
Conditioning during Operant 
Lever Pressing in Dogs 


Abstract. The lever-pressing response of 
four dogs was reinforced with food on a 
2-minute fixed-interval schedule, with sali- 
vation also being recorded continuously. 
Respondent salivary conditioning was 
found to occur during operant lever- 
pressing conditioning, the occurrences of 
the two conditioned responses being posi- 
tively correlated. 


Most psychologists in the field of 
learning accept the convention of dis- 
tinguishing between two types of con- 
ditioning. However, in this country the 
amount of research conducted in 
operant conditioning has always far 
outweighed the volume of research in 
respondent conditioning. There are 
several reasons for this relative lack of 
research in the latter area, not the 
least of which is the fact that re- 
spondent conditioning procedures are 
more laborious and time consuming 
when applied to animals. Furthermore, 
the unsystematic texture of results ob- 
tained with respondent procedures has 
done little to attract investigators. 
Therefore, one of the purposes of this 
experiment was to develop a new ap- 
proach toward the study of re- 
spondent conditioning. 

In all operant studies, in which an 
experimental space and manipulanda 
are employed, the contingency between 
an operant and the reinforcing stimu- 
lus is such that a relationship between 
time and reinforcement is also estab- 
lished, the probability distribution of 
the relationship being a function of the 
particular schedule and the animal’s 
operant behavior. If the  reinforc- 
ing stimulus is food, the stimuli as- 
sociated with the performance of the 
operant and the passage of time should 
serve as conditioned stimuli for a sali- 
vary respondent. Thus, it was proposed 
that respondent salivary conditioning 
be studied in conjunction with operant 
lever-pressing conditioning, with regard 
to schedules of reinforcement. The in- 
vestigation reported here is concerned 
with fixed-interval reinforcement. 

Prior to the beginning of the experi- 
ment, each of four dogs was surgically 
prepared to allow the continuous re- 
cording of salivary secretion from the 
tight parotid gland. Preparation con- 
sisted of a 1-hour operation during 
which a v-shaped polyethylene tube was 
inserted into the excised salivary duct, 
the duct was ligated, and the tube was 
then brought under the skin and out a 
small incision located on the dorsal sur- 
face of the neck. 

The apparatus consisted of an experi- 
mental space with a square lever on one 
wall; the tray into which the magazine 
deposited the food pellet was located 
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above the lever. A metal cable attached 
to the ceiling of the cubicle was con- 
nected to a harness fastened about the 


‘dog. A polyethylene tube passed through 


this cable and at the beginning of each 
experimental session the tube was filled 
with water, the end of the tube in the 
cubicle was slipped over the polyethy- 
lene tube emerging from the dog’s neck, 
and the other end of the tube outside 
the cubicle was attached to a hypoder- 
mic needle. The secretion of saliva by 
the dog then resulted in 0.01-ml drops 
being formed at the end of the needle, 
making contact with the metal rod lo- 
cated directly below. This provided the 
means of measuring the salivary secre- 
tion of a freely moving animal. 

Each dog was given magazine train- 
ing with the lever retracted. After this 
the lever was introduced into the box, 
and thereafter all food presentations 
were contingent upon the lever-pressing 
activity of the subject. At first all 
presses were reinforced; then only the 
first press after a fixed interval of time 
had elapsed was reinforced, and the 
duration of the interval was gradually 
increased to 112 minutes. This general- 
ly required about 2 hours after the first 
lever press. On the following day the 
animal was started on the 2-minute 
fixed-interval schedule, with reinforce- 
ment contingent upon lever pressing. 
Ten 2-hour sessions were administered. 
The animal received its daily supply of 
food while working in the box, and only 
water was available in its home cage. 

Figure 1 shows the mean salivary 
response curve for one animal during 
the last experimental session. Each 2- 
minute interreinforcement interval was 
divided into ten equal subintervals; the 
line shows the mean cumulative curve, 
and the bar graph the mean absolute 
number of responses during each in- 
terval. Immediately after the presenta- 
tion of the reinforcing stimulus (S") the 
rate of responding is very high; the rate 
tapers off into a period of low respond- 
ing, followed by a steady gradual in- 
crease in rate as the time for the next 
reinforcement approaches. If conven- 
tional terminology is used, the very 
high rate of responding following the 
food presentation would be called the 
unconditioned response, and the steady 
gradual increase in rate as the time for 
the next food presentation approaches, 
the conditioned response. Thus the sali- 
vary responding curve resembles the ac- 
cepted operant lever-pressing curve for 
fixed-interval reinforcement, the one 
difference being the presence of an un- 
conditioned response following the food 
presentation (S*). 

Figure 2, showing the behavior of a 
second subject during the 15th experi- 
mental hour, demonstrates the high 
correspondence between the rates of 
prereinforcement lever pressing and sali- 
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Fig. 1. The mean salivary responding for 
one dog during the 20th experimental 
hour was computed by dividing each 2- 
minute interreinforcement interval into ten 
equal subintervals and calculating the 
mean number of drops falling in each 
subinterval. The line shows the mean 
cumulative curve, and the bar graph 
shows the mean absolute curve. 


vation, that is, the correspondence 
between operantly conditioned lever 
pressing and respondently conditioned 
salivation. The upper portion of the 
figure depicts the cumulative salivary 
responding, with the occurrence of re- 
inforcement indicated by a diagonal 
downstroke of the pen; noncumulated 
lever presses are shown in the lower 
portion. A comparison of the condi- 
tioned lever pressing and the condi- 
tioned salivation, just prior to each 
reinforcement, shows that the amount 
of conditioned salivation varies directly 
with the amount of lever pressing, or 
vice versa. 

These results are completely repre- 
sentative of the behavior of all four ani- 


A-t 
2 


SALIVATION 


an 


LEVER PRESSING 

Fig. 2. The salivary and lever-pressing 
behavior of one dog during the 15th hour 
is presented, with the cumulative salivary 
responding shown in the upper portion and 
the discrete lever presses in the lower por- 
tion. Reinforcements (S") are designated 
by the diagonal downstroke of the cu- 
mulative pen. In order to save space, the 
cumulative salivary curve has been con- 
densed at the points where the pen reset 
to zero; the segment of the lever-pressing 
record corresponding in time to a segment 
of the cumulative record has also been 
moved an equal distance down and to the 
left. 
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mals, and the respondent salivary con- 
ditioning obtained in this experiment 
was far more regular than that obtained 
with traditional procedures. 

MarTIN M. SHAPIRO* 
Department of Psychology, 
Indiana University, Bloomington 


Notes 


1. This investigation was supported by a post- 
doctoral fellowship (MF-10,166) from the Na- 
tional Institute of Mental Health, U. S. Pub- 
lic Health Service. I am indebted to Dr. D. W. 
Lauer for the generous use of his facilities 
and to Mrs. A. Radell for her skillful surgical 
preparations. 

* Present address: department of psychology, 
University of Houston, Houston, Tex. 
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Avoidance Learning and 
Relearning as a Function of 
Shuttlebox Dimensions 


Abstract. Rats in a low-ceiling shut- 
tlebox initially show a lower level of learn- 
ing than rats in a high-ceiling box. After 
an hour’s interruption of conditioning the 
performance of animals in low-ceiling 
boxes improves and avoidance is slightly 
more efficient than in the unimproved per- 
formance of animals in high-ceiling boxes. 
Box height also interacts significantly with 
length of box. 


Recently, Kamin (J) attempted to 
measure the amount of retention of an 
incompletely learned avoidance re- 
sponse. Rats were given 25 trials in a 
typical shuttlebox and 25 retention trials 
after delays of 0, %, 1, 6, and 24 hours, 
and 19 days. The results were unex- 
pected; instead of a monotonic decreas- 
ing function with time, a V-shaped 
curve obtained which declined from 0 
to | hour and then rose from 1 hour to 
24 hours. Differences in retention ai 0, 
24 hours, and 19 days were not statisti- 
cally significant. 

Kamin interpreted the data in terms 
of an initial forgetting function followed 
by a jelling of the avoidance habit. 

Denny (2) reinterpreted Kamin’s V- 


SESSION | 
SESSION @ 
4 CONTROL(14X26 


bars 


0 


MEAN NUMBER OF AVOIDANCE 


Sx26 SX36 14X16 14x26 14X36 14x26 
GROUPS CONTROL 
Fig. 1. Mean number of avoidance re- 


sponses in each group for both sessions. 
The upper triangle represents session 2 
for the control. 
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shaped function (the “Kamin effect”) in 
terms of an immediate incubation of 
anxiety followed by a dissipation of this 
anxiety after an hour or so. According 
to this interpretation, the anxiety, which 
is typically manifested in “freezing” be- 
havior, incubates in the interval im- 
mediately after original learning and 
thereby interferes with the act of 
shuttling. Sometime after the hour de- 
lay the anxiety begins to dissipate, and 
retention of the avoidance response is 
clearly apparent after 24 hours. Al- 
though the results of Denny’s study 
supported this hypothesis, in the first 
session of 25 trials and in the second 
session after a 1l-hour delay the rats 
made more avoidances than found by 
Kamin (10.7 vs. 5.7 in session 1 and 
10.1 vs. 6.6 in session 2). Since Denny’s 
shuttlebox had a higher ceiling (14 vs. 
4% inches) and a shorter gridway (26 
vs. 36 inches) the present study was de- 
signed to investigate the importance of 
length and height of shuttlebox, both 
in original learning and in relearning 1 
hour later. 

Seventy experimentally naive hooded, 
black and albino rats, 35 female and 
35 male, ranging in age from 90 to 150 
days were used. The rats were random- 
ly assigned to seven groups, except for 
a sex equation of five males and five 
females per group. 

The shuttlebox was 4 inches wide, 
painted flat black, and had a glass front. 
The box was designed so that, with re- 
movable partitions, it could be adjusted 
to any of three lengths: 36, 26, or 16 
inches. The fixed ceiling was 14 inches 
high; to lower ceiling height a sheet of 
clear glass was inserted 5 inches from 
the floor. Thus there were six different 
apparatus conditions which describe 
the six experimental groups: three 
groups with a 14-inch ceiling for each 
length and three groups with a 5-inch 
ceiling for each length. 

In session 1 (25 trials) the rat was 
placed in the shuttlebox for 1 minute 
before the trials began. The buzzer was 
sounded 5 seconds prior to the shock 
(1.7 ma) and continued until the rat 
had crossed the midline (shuttled). The 
intertrial interval was 1 minute. 

After session 1 the rat was returned 
to an outer room where it was placed 
in its living cage with its cage mates. 
One hour later the rat was again taken 
from its living cage and given 25 identi- 
cal additional trials (session 2). 

A control group run in a shuttlebox 
with a 26-inch gridway and a 14-inch 
ceiling underwent session 1 followed 
immediately by session 2 (no delay). 
The control was included solely to de- 
termine whether the present sample 
would perform like the rats in the 
earlier study (2). 

The experimental design, excluding 


Table 1. Analysis of variance. The nonsignifi- 
cant third- and fourth-order interactions (de- 
grees of freedom = 9) are not included. 


Source of Degrees of Mean F 
variation freedom square 

Between 59 

Sex 1 0.8 

Height 1 56.0 4.66* 
Length 2 6.7 

Sex x height 1 90.2 7.524 
Height X length 2 80.5 6.71* 
Sex xX length Ps 31.0 

Error 48 12.4 

Within 60 

Sessions 1 187.5 187.5+ 
Sessions x sex 1 0.0 

Sessions < height 1 480.0 480.07 
Sessions X length 2 9.3 

Total 119 ‘i 

te= 


the control group, lent itself to a 2 x 2 
xX 3 xX 2 analysis of variance with re- 
peated measures. It was found that two 
main variables, ceiling height and ses- 
sions, and three two-way interactions 
were significant (see Table 1). 

The mean number of avoidances for 
both sessions for the six experimental 
groups are plotted in Fig. 1. The means 
of the experimental groups were com- 
pared by a “studentized” distribution 
and yielded the following significant 
differences: (i) rats in high-ceiling 
boxes made more avoidances in original 
learning than did rats in low ceiling 
boxes; (ii) rats in low-ceiling boxes 
showed improvement after a delay of 1 
hour, whereas those in high-ceiling 
boxes did not; (iii) performance in ses- 
sion 2 in a low ceiling, short (16-inch) 
box was better than performance in 
session 2 in a high ceiling, short (16- 
inch) box. 

The significant interaction between 
height and length indicates that with a 
high-ceiling box learning tends to be 
better the longer the alley and that with 
a low-ceiling box just the reverse is true. 
The significant interaction between ses- 
sions and height indicates, at a mini- 
mum, that the “Kamin Effect” occurs 
to a greater extent with a high-ceiling 
than with a low-ceiling box. Finally, the 
significant interaction between sex and 
box height refers to the fact that 
females, which are especially prone to 
“freezing” in a low-ceiling box, make 
considerably more avoidances with a 
high ceiling than with a low, whereas 
males make a few more avoidances in 
the low-ceiling box than in the high. 
The control group performed in both 
sessions at levels comparable to Denny’s 
controls, and performance during re- 
learning was excellent (see Fig. 1). 

The superiority in original learning 
of the rats in the high-ceiling box sug- 
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gests that a low ceiling limits the num- 
ber of avoidance-type responses in the 
animal’s repertoire and in turn promotes 
the noninstrumental act of freezing. 
The resultant effect is a decrease in the 
probability of making the final shuttling 
response. The observation of relatively 
frequent freezing behavior with onset 
of buzzer in the low-ceiling groups sup- 
ports this interpretation. 

It further follows that to the extent 
a rat in the low-ceiling box learns the 
avoidance response, freezing must ex- 
tinguish. This may account for the re- 
latively better performance after a 1- 
hour delay for the low-ceiling rats. The 
!-hour delay, according to the incuba- 
tion-of-anxiety hypothesis, would, in 
general, increase the tendency to freeze, 
but less so in the low-ceiling conditions 
than in the high-ceiling because the 
animals in the high-ceiling box have not 
been freezing and thus the freezing re- 
sponse has had little opportunity to ex- 
tinguish. Therefore, after 1 hour the 
rats in the high-ceiling box are at a 
disadvantage and show no improve- 
ment. 

In contradistinction to the rats under 
low-ceiling conditions, rats under high- 
ceiling conditions can initially make 
more responses to the stimulus situation 
—leaping, jumping, standing, and such 
responses—that can readily chain in 
At first 
glance, the results pose a paradox. For 
by lowering the ceiling one might ex- 
pect an increase in the specification of 
the correct response of shuttling. In- 
stead it appears that a low ceiling 
promotes a response (freezing) which is 
incompatible with shuttling and incom- 
patible with responses allied with 
shuttling. 

The less important variable of length 
is more difficult to theorize about but 
may operate as follows. Under low-ceil- 
ing conditions the escaping rat can only 
run, which means it runs through shock 
to escape shock, being consistently 
punished during the early stages of 
making the correct response. Thus learn- 
ing, despite the greater motivation for 
avoiding, tends to be poorer the longer 
the box (the greater the punishment). 
In high-ceiling boxes where escape is 
possible in a number of ways, this fac- 
tor is not as critical, and the longer the 
alley the greater the motivation for 
avoiding. 

M. Ray DENNY 
Jay O. THOMAS 
Department of Psychology, 
Michigan State University, 
East Lansing 
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Dehydrogenase Activities 
in Dystrophic Mice 


Abstract. The levels of activity of 
glucose-6-phosphate dehydrogenase, iso- 
citric dehydrogenase, glutathione reduc- 
tase, lactic dehydrogenase, and a-glycero- 
phosphate dehydrogenase have been 
studied in the gastrocnemius muscle of 
mice with “dystrophia muscularis.” The 
activity of enzymes requiring triphospho- 
pyridine nucleotide as a cofactor is in- 
creased relative to the control littermates, 
whereas the activity of those enzymes 
requiring diphosphopyridine nucleotide is 
decreased. 


In 1955 Michelson et al. (1) de- 
scribed a hereditary disease in. mice 
which is similar to human progressive 
muscular dystrophy. Since that time 
numerous investigators have attempted 
to determine whether or not this disease 
is related to a primary biochemical 
lesion. The present study is a report 
on the levels of activity of several de- 
hydrogenases in the gastrocnemius 
muscle of mice with “dystrophia muscu- 
laris.” 

Dystrophic mice (genotype dydy) 
and control littermates (genotype Dydy) 
of the Bar Harbor strain 129 were used. 
At the time of sacrifice the gastroc- 
nemius muscle was rapidly isolated, 
frozen in liquid nitrogen, and stored at 
—70°C. Transverse sections (15, thick) 
were obtained and lyophilized at —30°C 
under vacuum, and the dry sections 
were stored at —20°C. At the time of 
analysis each transverse section (20 to 
40 wg [dry weight]) was trimmed free 
of mounting material under a dissect- 
ing microscope, weighed on a quartz 
fiber balance, and placed in the appro- 
priately sized test tube. Procedures for 
preparation and handling of the small 
pieces of tissue have been previously 
described (2). 

The use of frozen-dried transverse 
sections of an entire muscle has several 
obvious advantages over the usual 
homogenate preparations. First, the 
stability of the preparation allows re- 
peated analysis of the same tissue over 
a long period of time without deteriora- 
tion of enzymatic activities or chemical 
constituents. Also, the morphology is 
preserved so that the extent of degener- 
ative changes in each animal can be 
determined. Further, sampling errors 
due to a nonhomogeneous distribution 
of dystrophic fibers within the muscle 
are decreased. Whether or not the bio- 
chemistry of the “obviously dystrophic” 
fibers is markedly different from that of 
the “normal-appearing” fibers within an 
affected muscle, or whether the bio- 
chemical alterations are equally dis- 
tributed among all of the fibers is a 
question for further study. 

The present study confirms the fact 


that the lipid content of dystrophic 
muscle is increased (3). Therefore, 
the enzymatic results are based on the 
fat-free dry weight (2) determined 
separately for each muscle. 

The activities of glucose-6-phosphate 
dehydrogenase (4), glutathione reduc- 
tase (5), isocitric dehydrogenase (6), 
lactic dehydrogenase (7), and a-glycero- 
phosphate dehydrogenase (8) were 
measured by the fluorescence of the 
oxidized or reduced pyridine nucleo- 
tides (7). 

All of the enzymes requiring triphos- 
phopyridine nucleotide (TPN) increased 
in activity in the muscle of dystrophic 
mice (Table 1). The activity of glucose- 
6-phosphate dehydrogenase was found 
to be approximately 400 percent (P < 
.01) of the value observed in the con- 
trol littermates. Preliminary results 
indicate that 6-phosphogluconic dehy- 
drogenase, the second step in the 
glucose-6-phosphate shunt, exhibits a 
similar increase in dystrophic mice. The 
activities of isocitric dehydrogenase and 
glutathione reductase also increased, 
and were approximately 180 percent 
(P < .02) and 170 percent (P < .01) 
of the control, respectively. 

In contrast, the activities of the de- 
hydrogenases requiring diphosphopyri- 
dine nucleotide (DPN) decreased in 
dystrophic mice. The lactic dehydro- 
genase and a-glycerophosphate dehydro- 
genase activities were approximately 
75 percent (P < .01) and 50 percent 
(P < .01) of the control, respectively. 

Previous reports (9) have indicated 
that the activities of the Krebs-cycle 
enzymes are not markedly altered in 
muscular dystrophy. However, the ac- 
tivity of isocitric dehydrogenase, a TPN- 
requiring dehydrogenase in this cycle, 
increased almost twofold here. Rosen- 
krantz (/0) previously reported no 
change in the activity of this enzyme 
in control and dystrophic mice. The 
reason for this apparent discrepancy 
may be due in part to different assay 


Table 1. Dehydrogenase activities in mouse 
muscle. Activities are expressed as micromoles 
of product formed per gram of fat-free dry 
weight per hour, except for those marked * 
which are expressed as millimoles per gram 
of fat-free dry weight per hour. Results 
were obtained on five samples from each ani- 
mal. G-6-PDH, glucose-6-phosphate dehydro- 
genase; ICDH, isocitric dehydrogenase; GI-R, 
glutathione reductase; a-GPDH, a-glycero- 
phosphate dehydrogenase; LDH, lactic dehy- 
drogenase. 


Dehydrogenase Control Dystrophic 
TPN-requiring: 
G-6-PDH (10) 100+ 3 387 +30 
ICDH (4) 393 = 48 603 + 62 
GI-R (4) 55125 81935 
DPN-requiring: 
a—GPDH (2) 7930 + 14 3210+14 
LDH (4) 168 + 7* 131 +10* 
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conditions (for example, triphenyl 
tetrazolium chloride instead of TPN as 
electron acceptor). 

The increase in activity of glucose- 
6-phosphate dehydrogenase is one of 
the most dramatic biochemical changes 
in dystrophic muscle which has been 
reported. A similar increase in the ac- 
tivities of other TPN-requiring dehydro- 
genases, although not so great, may 
indicate a general pattern of metabolic 
alteration in this tissue. This increased 
activity of the TPN-requiring dehydro- 
genases, coupled with a decreased ac- 
tivity of the DPN-requiring dehydro- 
genases, may produce abnormally high 
levels of reduced TPN or reduced 
glutathione and, thus, an altered intra- 
cellular metabolism. Tissue levels of 
the oxidized and reduced pyridine 
nucleotides and glutathione in control 
and dystrophic muscle are under inves- 
tigation. 

M. W. McCaMAaNn 
Institute of Psychiatric Research, 
and Department of Neurology, 
Indiana University Medical 
Center, Indianapolis 
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Effect of 3-Amino-1,2,4-Triazole 
on the Synthesis of Riboflavin 


Abstract. The production of riboflavin 
by Eremothecium ashbyii is appreciably 
reduced by 3-amino-1,2,4-triazole at con- 
centrations of inhibitor which do not in- 
hibit growth. Corn and pea leaf tissues 
which are albinistic as a consequence of 
treatment with this compound have a 
greatly lowered riboflavin content. 


Studies in this laboratory (1) have 
shown that the inhibition of growth 
and chlorophyll development caused by 
3-amino-1,2,4-triazole (3-AT) in the 
apex of tomato plants can be reversed 
if riboflavin and certain of its deriva- 
tives are supplied to the plant simulta- 
neously with the inhibitor. This obser- 
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Table 1. Effect of 3-amino-i,2,4-triazole (3-AT) 
on mycelial weight and riboflavin production by 
Eremothecium ashbyii. 


-AT Mycelial wt. 


Concn. of 3 Riboflavin 
0 28.5 0.42 
10-5 28.6 0.35 
10-4 28.4 0.23 
10-3 2.2 0.067 


Table 2. Effect of 3-amino-1,2,4-triazole (3-AT) 
on the riboflavin content of pea and corn leaves. 


Riboflavin (ug/gm [fresh wt]) 


Tissue 
Control 3 10*M 3-AT 
Pea 3.80 2.02 
Pea 3.35 1.15 
Corn 2.02 0.01 
Corn 2.42 0.01 


vation suggests that the phytotoxicity 
of 3-AT involves the inhibition of ribo- 
flavin synthesis. To substantiate this 
view the effect of 3-AT on the produc- 
tion of riboflavin by Eremothecium 
ashbyii and on the riboflavin content of 
pea and corn plants has been investi- 
gated (2). 

For studies with the yeast 50 ml 
erlenmeyer flasks which contained 15 
ml of Yaw’s defined medium (3) were 
inoculated with cultures of E. ashbyii 
(NRRL No. Y 1363). The flasks were 
incubated at 25°C in a reciprocating 
shaker for 8 days. After incubation, 
the mycelial fragments were collected 
by filtration, dried at 80° to 100°C, and 
weighed. The riboflavin content of the 
filtrate was estimated from its optical 
density measured with a Klett-Summer- 
son spectrophotometer at a wavelength 
of 420 mu. 

The data of Table 1 indicate that 
10°, 10°“, and 10°M 3-AT inhibit the 
production of riboflavin by 17.5, 46.2, 
and 83.2 percent, respectively. Growth 
was significantly inhibited only at the 
highest concentration. It is evident that 
at the appropriate concentration 3-AT 
inhibits the riboflavin synthesis but not 
the growth of E. ashbyii. 

For studies with plants, pea and corn 
seedlings were germinated in the light 
in moist vermiculite and transferred, 
when about 3 inches tall, to beakers 
containing vermiculite which had been 
treated with a mineral nutrient solu- 
tion. This solution included 3 x 10“M 
3-AT for the treated plants but none for 
the control plants. The plants were 
grown for an additional 3 days at 25° 
to 30°C with about 200 ft-ca of illumi- 
nation from fluorescent lights until a 
moderate amount of newly developed 
albinistic tissue had appeared in the 
treated plants. Several samples of such 


leaf tissue, each weighing about 1 gm, 
were collected from the treated plants 
for analysis. Comparable samples of 
green leaves were taken as controls 
from the untreated plants. The ribo- 
flavin content of this tissue was deter- 
mined by a fluorimetric method (4). 

From Table 2 it is evident that, in 
two different experiments, the albinistic 
pea tissue which developed subsequent 
to exposure of the plant to 3-AT had 
55 and 33 percent of the riboflavin con- 
tent of the control plant tissue. The 
reduction by 3-AT of the riboflavin 
content was even more striking for corn, 
for the riboflavin content of albinistic 
leaves from treated plants was practi- 
cally zero. 

The inhibition by 3-AT of riboflavin 
production by E. ashbyii and the defi- 
ciency of riboflavin in leaf tissues from 
treated plants is in accord with pre- 
vious evidence (J) that the phytotox- 
icity of the inhibitor may be related to 
its inhibitory effect on riboflavin pro- 
duction. 

KENNETH A. SUND* 
HENRY N. LITTLE 
Department of Chemistry, 
University of Massachusetts, 
Amherst 
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Poliovirus Inhibitor from the 
Central Nervous System of the 
Rhesus Monkey 


Abstract. Suspensions from the central 
nervous system of rhesus monkeys in- 
hibited the infection of monkey kidney 
cell cultures by types 1, 2, and 3 polio- 
virus, whereas inhibition of Coxsackie A9 
and ECHO 12 viruses could not be readily 
demonstrated. Failure of suspensions of 
tissues of the central nervous system to 
irreversibly neutralize poliovirus indicated 
that the inhibition was not directed against 
the virus but affected viral multiplication 
by altering the host cells. 


In this laboratory, isolation in cell 
cultures of virulent poliovirus from the 
tissues of the central nervous system 
(CNS) of monkeys is an established 
procedure. During studies in which 
thesus monkeys were inoculated intra- 
cerebrally and intraspinally with at- 
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tenuated polioviruses, an unexpected 
low rate of virus isolation from the CNS 
of the inoculated monkeys was ob- 
served (J). Sabin and Goffe have re- 
ported similar inability to isolate at- 
tenuated polioviruses from monkey 
CNS (see 2). Furthermore, when in- 
fected CNS tissues were plaque assayed 
on monkey kidney cell cultures more 
virus plaques appeared at higher dilu- 
tions of CNS tissue suspensions than at 
lower dilutions, strongly indicating virus 
inhibition. A study was therefore under- 
taken to determine the nature of the 
inhibition. 

Ten-percent suspensions of lumbar 
or cervical cord or 30-percent suspen- 
sions of brain were prepared by vigor- 
ously shaking a thick-walled glass tube 
containing the CNS specimen, glass 
beads, and Earle’s balanced salt solu- 
tion at pH 7.5. Poliovirus isolations 
and plaque assays were performed as 
previously described (J, 3). 

In previous studies, poliovirus was 
readily recovered from tissues of the 
CNS of monkeys which demonstrated 
positive CNS histopathology after inoc- 
ulation with virulent virus (type 1, 
Mahoney strain) (4). In the present 
study, however, virus was recovered 
from the CNS of only 30 percent of 
monkeys in which histologic lesions of 
poliomyelitis were observed to follow 
intraspinal and intrathalamic injections 
of attenuated polioviruses. Table 1 
shows the results of plaque assays of 
some of these CNS specimens infected 
with attenuated polioviruses. It may 
be seen that the higher concentrations 
of CNS tissue suspensions inhibited up 
to 900 plaque-forming units of polio- 
virus. 

When attenuated poliovirus was added 
to suspensions of brain and spinal cord 
tissues from normal monkeys similar 
inhibition occurred, indicating that 
previous infection of the monkey 
was not necessary to produce the in- 
hibition of virus multiplication in cell 
cultures. 

Furthermore, virulent Mahoney strain 
of type 1 poliovirus, when mixed with 
brain or spinal cord suspensions, was 
inhibited to the same degree as the 
attenuated strains. This result gives 
tise to a seeming paradox: if the infec- 
tion of monkey kidney cell cultures by 
virulent and avirulent poliovirus was 
inhibited to the same degree by CNS 
tissue suspensions, why was there such 
a disparity between the isolation rate of 
virulent and avirulent viruses from the 
CNS tissues of inoculated monkeys? A 
possible answer to the question may -lie 
in the fact that virulent poliovirus when 
inoculated into the CNS of monkeys 
may multiply to a much greater degree 
than the avirulent types. Thus, when 
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Table 1. Poliovirus plaque assay of CNS tissue from infected monkeys. 


Plaque-forming units per 0.2 mi 

Monke CNS Dilutions 

diluted CNS 
virus: Lederle-MEFL type 2 No. 7-1232-243 
V540 Cervical 1:10 : 6 60 94 
cord 1:100 7 700 3 
1:1000 1 1000 0 
V538 Brain 1:3 6 18 194 
cortex 1:30 5 150 15 
1:300 2 600 0 
V572 Lumbar 1:10 0 0 20 
cord 1:100 2 200 0 
1:1000 0 0 0 
: virus: Sabin L Sc type 1 2ab 

V312 Lumbar 1:10 38 380 962 
cord 1:100 31 3100 69 
1:1000 10 10000 0 


Table 2. Effect of monkey CNS tissue suspensions on the infectivity of three enteric viruses. 


Plaque forming units per 0.4 ml 


Inoculum 
Type 1 poliovirus Coxsackie 
Mahoney strain A9 ECHO 12 
0.4 ml virus + 0.4 ml diluent 18 10 83 
0.4 ml virus + 0.4 ml CNS suspension 3 18 66 


CNS tissue suspensions from monkeys 
inoculated with virulent virus are 
placed on monkey kidney cell cultures 
the higher concentration of virus may 
be capable of overcoming the inhibition. 
Some experimental support for this hy- 
pothesis comes from the work of Bodian 
(5). 

To determine whether the inhibitor 
acted directly upon the poliovirus, CNS 
tissue suspensions or diluting fluid were 
each mixed with 1000 plaque-forming 
units of Mahoney strain poliovirus, in- 
cubated for 6 hours at 36°C, diluted 
1:100 (beyond the level of inhibition) 
and plaque assayed. The same amount 
of virus was recovered from the CNS- 
virus mixture as from the control fluid- 
virus mixture indicating that the inhibi- 
tion was not directed against the virus 
but may affect viral multipiication by 
altering the host cell. 

When equal volumes of poliovirus 
types 1, 2, and 3 were each mixed with 
CNS tissue suspensions and then plaque 
assayed, all were inhibited’ to the same 
extent. In contrast Coxsackie A9 and 
ECHO 12 viruses were not significantly 
inhibited under the same conditions 
(Table 2), indicating some degree of 
specificity of inhibition. Other proper- 
ties of the inhibitory material include 
inactivation at 56°C over 30 minutes, 
stability at —20°C for at least 4 months, 
inability to be dialyzed and ability to be 
sedimented at 1000 rev/min for 30 
minutes. In addition, inhibition for 


poliovirus type 1 was not demonstrated 
in guinea pig brain. 

Although a number of interpreta- 
tions are possible, these data suggest 
that suspensions of rhesus monkey CNS 
tissues contain a material that is not an 
antibody to poliovirus and that inhibits 
poliovirus multiplication by acting on 
the host cell. 

Studies are now in progress to deter- 
mine the mechanism of action of the 
inhibitor, its properties, its relationship 
to previously described viral inhibitors 
and its significance in the pathogenesis 
of infection (6). 

RICHARD J. Low* 
SAMUEL BARON 
Division of Biologics Standards, 
National Institutes of Health 
Bethesda, Maryland 
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Letters 


Life of Scientific Publications 


The philosophic appeal of Weiss’ 
analogical description of the life func- 
tions of a body of knowledge [Science 
131, 1716 (1960)] is weakened by the 
way the illustrations are handled. To 
show the “real fate of plain recorded 
data” he selected lengthy series of sev- 
eral journals and tabulated the citations 
of earlier works in terms of the age of 
the reference at the time it was cited. 
The resulting frequencies were then 
transformed into percentages of cita- 
tions and plotted against age of refer- 
ence. The curves obtained all dropped 
sharply as the age of the reference in- 
creased. In some cases more than half 
of all of the references made were to 
works published within the previous 5 
years. Weiss concludes: “the active 
life span of pure data is at any rate 
amazingly short: they die of either 
assimilation or oblivion.” 

Since the curves presented are based 
on percentages of citations rather than 
percentages of works published, con- 
clusions drawn from them can refer 
only to citations, not to works pub- 
lished. The probability that a paper 
cited will be of a given age (which is 
what Weiss’ curves show) is not the 
same as the probability that a paper of 
a given age will be cited (which is 
what he is concerned about). There is 
some evidence [Dennis, Am. Psycholo- 
gist 13, 457 (1958)] that the latter 
probability increases with age. Con- 
trary to Weiss, Dennis found that the 
older the work, the greater the prob- 
ability that it would be cited. 

The source of the apparent paradox 
lies, of course, in the “population ex- 
plosion” in scientific papers. The 19th 
century saw 15-fold increase in sci- 
entific publications between its first and 
last decades, over half of all of the 
papers being published in the last two 
decades of the century [Dennis, Am. 
Psychologist 13, 457 (1958)], and the 
output seems still to be accelerating. 
If Weiss’ curves were corrected for the 
actual number of papers there were 
of a given age, they would certainly 
flatten out considerably and they might 
even reverse their direction. His point, 
however, is well taken; while he has 
shown only that most of the papers 
that people refer to are new, it is also 
quite true that there are many more 
new papers than anyone can or ever 
will refer to. The problem which 
Weiss sees as one of senescence and 
decay appears to be more nearly one 
of infant mortality. ‘ 

S. JAMES GOFFARD 
CHARLES D. WINDLE 
George Washington University, 
Washington, D.C. 
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I find the marginal comments by 
Goffard and Windle quite noteworthy. 
In theory, their plea for a correction 
factor for the proliferation of journals 
is well taken. In practice, however, the 
contention that the curves would then 
“certainly flatten out considerably and 

. might even reverse their direction” 
is invalid on several counts. (i) In both 
of the “several” journals sampled, the 
curves for the ist and 10th years of 
the sampling periods are essentially the 
same, despite the “population explosion” 
of journals during that period. (ii) 
Curves for two different 10-year peri- 
ods (1938-49 and 1950-59) of the 
same journal (Biol. Bull.) are essenti- 
ally congruous. (iii) An “experimental” 
proof that correction for publication 
volume would not have altered the 
essential trend of the curves lies in 
the fact that the major temporary drop 
in publication volume during World 
War I registered in the annual curves 
only as a minor dip. 

Since the terse treatment of the 
subject in my article does not reflect 
the volume of data from which the 
conclusions have been distilled, I ap- 
preciate the present opportunity for 
supplementary—and, I hope, clarifying 
—comment. 

PauL WEISS 
Rockefeller Institute, 
New York, New York 


The article by Weiss provides an in- 
teresting analogy between biological 
growth and the growth of documenta- 
tion. I fear, however, that its simplicity 
may be misleading. There are other 
ecological factors operating in the field 
of documentation of knowledge which 
need to be considered. I mention only 
two of these factors here. 

The editorial blue pencil still pro- 
vides a kind of natural selectivity as 
a brake on the growth of documenta- 
tion. The fields of science are now so 
well disciplined that it may be safe to 
say that papers which are not published 
are not worth publishing. It is the 
specialization and overspecialization in 
the sciences which brings new journals 
into being at a rate recently estimated 
as two a day. The editorial blue pencil 
is doing its best to control this tide of 
information. The actual need is for 
more information, not less, to increase 
the basic research which is the foun- 
dation upon which is built our ex- 
panding science. Somehow, we shall 
have to innovate our reporting devices 
to be sure that vastly increased amount 
of information does eventually become 
knowledge. 

Another problem is the suggestion 
regarding the fast-aging and the slow- 
aging periodical. This neglects the pain- 
ful problem of re-invention. Librarians 
have long been aware of the necessity 
of buying serials back to the first vol- 
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The first and only 
complete guide 
to the world’s 
newest frontier— 


New and completely revised edition 
with 320 illustrations, 8 pages in full 
color, maps and diagrams 
by SIR HAROLD SPENCER JONES 
Former Astronomer Royal, and others 


An indispensable handbook which 
combines a survey of all branches 
of astronomy with details of satel- 
. lites, missiles and upper atmos- 
phere research. With more than 
700 factual, readable entries, the 
book covers everything from arti- 
ficial satellites to galaxies and cos- 
mology; from radio astronomy to 
space medicine. 

“The usefulness of this book can- 
not be over-emphasized at this 
time.”’—LIBRARY JOURNAL 

$8.95 at all booksellers, or write 
E. P. DUTTON & COMPANY 

800 Park Avenue South, New York 10 
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Yale School of Nursing, 
New Haven, Connecticut 


ume when funds, space, and availability 
permit. A thorough “search of the 
literature” is still a good safeguard 
against expending research funds on 
work which has already been reported 


elsewhere. If the fast-aging journal is 


| discarded and its citations are not 
blended into any subsequent studies, 


| what is to prevent the research it has 


reported from being done over again? 
Actually, there appear to be two 
evaluations involved in the information- 
knowledge process. The first is editorial 
—whether to accept or reject a manu- 
script; the second is documentary and 
may occur years after the publication of 
the paper. The paper’s research impact 
is then measured as a weight factor in a 
citation study. Its scientific durability 
may then be impartially assessed. I 
suggest reference to the paper by Raisig 
on “Mathematical evaluation of the 
scientific serial” [Science 131, 1417 
(1960) ] for one recent, improved means 
of making this evaluation. 
JOHN BUCKLEY 


Stern’s View of Lewis H. Morgan 


In a recent issue [Science 131, 1435 
(1960)] you published a review of Carl 
Resek’s Lewis Henry Morgan, Ameri- 
can Scholar in which the reviewer, com- 
paring Resek’s work to that of my late 
husband, Bernhard J. Stern, states that 
“in Stern’s hands, Morgan, caught in a 
crossfire of Marxism and Boasian anti- 


/ evolutionism, suffers the worst of both 


worlds and emerges as a virtual class 
enemy as well as a ‘not erudite,’ unorig- 
inal thinker with a few good ideas and 


‘more bad ones.” 


Not only is this estimate of Bernhard 
J. Stern’s Lewis Henry Morgan, Social 
Evolutionist (University of Chicago 
Press, 1931) intemperate and lacking 
in scientific objectivity but it is totally 
erroneous. 

Since Stern’s book is out of print, 
may I request that you set the record 
straight by publishing some of his 
evaluations of Morgan. In the final 
chapter summarizing Morgan’s contri- 
butions, he says: 

“Pioneers in unploughed fields of 
science scrape the soil thinly leaving 
the more intensive work to be done by 
generations that follow. They may plant 
some seeds of thought that later prove 
infertile, for their knowledge of the 
character of the field is imperfect. 
Morgan was such a pioneer. He was 
among the first to extend the science 
of social origins into the remote past. 
In doing so he used an evolutionary 
method popular in his period but since 
discarded as applied to the study of 
culture. Divorced from its evolutionary 


setting much of Morgan’s work remains 
a permanent contribution to the yet 
infant science of anthropology. His 
Iroquois study is still considered a clas- 
sic. His discovery of the kinship sys- 
tems was epoch-making and irrespective 
of his interpretations and his arrange- 
ment, his compilation in the field has 
proved to be a lasting storehouse of 
fact for all later anthropologists... .” 
CHARLOTTE C. STERN 
423 West 120 Street, 
New York, New York 


Sweating in Man 


Victor Cummings [Science 131, 
1675 (1960)], in his article.on thermo- 
régulatory and emotional sweating in 
man, is apparently unaware of the 
careful work of Chalmers and Keele 
[J. Physiol. 114, 510 (1951); Brit. J. 
Dermatol. 64, 43 (1952)], who demon- 
strated that neither type of sweating 
is blocked by an intradermal adrenergic 
blocking agent but that both are blocked 
by atropine; these results are essentially 
identical with Cummings’. 

It is unfortunate that Cummings 
raised again the specter of adrenergic 
innervation of human sweat glands 
without presenting a more forthright 
analysis of the available evidence which 
tends to put the ghost to rest. The perti- 
nent points, covered in the review of 
Randall and Kimura [Pharmacol. Revs. 
7, 365 (1955)] except where noted, 
are as follows. 

1) Human sweat glands respond to 
directly administered epinephrine and 
related compounds, and to acetylcho- 
line. Both substances act on the same 
glands [Mellinkoff and Sonnenschein, 
Science 120, 997 (1954)]. 

2) The response to exogenous epi- 
nephrine is blocked by local or sys- 
temically administered adrenergic block- 
ing drugs (for example, dibenamine). 

3) Emotionally induced sweating is 
blocked by systemically administered 
dibenamine, but not by locally admin- 
istered dibenamine; it is blocked by 
locally administered atropine. 

4) Dibenamine analogs have been 
shown in other circumstances to have 
central blocking activity [Sawyer and Par- 
kerson, Endocrinology 52, 346 (1953)]. 

The simplest and most likely ex- 
planation of these observations is that 
there is no adrenergic innervation of 
human sweat glands and that adrenergic 
blocking drugs reduce sweating only 
by their central blocking action. The 
question of the physiological signifi- 
cance of the responsiveness of the 
glands to directly administered epineph- 
Tine remains open. 

RALPH R. SONNENSCHEIN 
University of California Medical Center, 
Los Angeles 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


™ GLASS VACUUM JOINT consists of two 
glass arms with spherical ends. Each 
end is formed with a groove far 
seating an O-ring. The seal is ef- 
fected by clamping the ends together 
with standard, commercially available 
clamps. The joint is available in four 
sizes with inside diameters 7, 16, 20 
and 40 mm. Apparatus incorporating 
the joint will also be available. (Corn- 
ing Glass Works, Dept. Sci745, Corn- 
ing, N.Y.) 


™@ INFRARED SPECTROPHOTOMETER scans 
from 2 to 16 » in 4 minutes or less 
with no loss of resolution or accuracy, 
according to the manufacturer. Avail- 
able attachments allow wavelengths 
from 0.2 to 38 « to be accommodated. 
Attachments include a 20-m gas cell, 
ultramicro liquid and gas cells, and 
a microbeam condensing system. Com- 
plete and expandable models can be 
supplied. (Baird-Atomic, Dept. Sci752, 
Cambridge 38, Mass.) 


™ OSCILLOGRAPH records up to 50 chan- 
nels of test data on 12-in. wide paper. 
Record speeds are adjustable from 0.05 
to 170 in./sec. Light-beam galvanome- 
ters with natural frequency up to 10,- 
000 cy/sec are used. Direct readout is 
accomplished by exposure of the record 
to low intensity light such as normal 
fluorescent room lighting. Writing speed 
capability is said to be 30,000 in./sec. 
Timing lines and grid lines are printed 
simultaneously with test data. Record 
storage and take-up spools are self-con- 
tained and the record does not require 
darkroom handling. (Midwestern In- 
struments, Dept. Sci757, P.O. Box 7186, 
Tulsa, Okla.) 


™ NULL DETECTOR has five nonlinear 
ranges as well as linear ranges. The 
nonlinear ranges each cover three 
decades with full-scale sensitivities 
0.001 to 10 volts. The center 10 per- 
cent of the log scale is linear. The 
instrument also serves as a microvolt- 
meter or as a d-c amplifier with eleven 
linear ranges from 100 pv to 10 volts 
full scale and input resistance 10 
megohms. A photoconductive modula- 
tor is used. Input filtering provides 
more than 60 db rejection of line a-c 
signals. Zero drift is less than 10 pv/ 
day. (Keithley Instrument, Inc., Dept. 
Sci771, 12415 Euclid Ave., Cleveland 
6, Ohio) 


™ GAS COMPRESSOR, manufactured in the 
Netherlands, uses a mercury piston to 
develop pressure in ranges up to 60,- 
000 Ib/in.? Mercury is displaced by 
means of a hydraulically separated oil 
pump. Pump capacities of 400, 500, 
600, 750, and 1000 cm*® are available. 
(High Pressure Equipment Co., Dept. 
Sci760, 1222 Linden Ave., Erie, Pa.) 


™ MIXER is designed to mix small 
batches of liquid-solid combinations in 
volumes from % to 2 oz. All parts are 
machined of stainless steel, and the 
mixer can be disassembled and reas- 
sembled in less than 1 min, according 
to the manufacturer. A transparent lid 
permits viewing of the mixing opera- 
tion. (Atlantic Research Corp., Dept. 
Sci762, Alexandria, Va.) 


® ELECTROSTATIC SHIELD consists of a 
panel of borosilicate glass coated on one 
side with a thin, transparent, metallic 
film. The coated panel transmits 70 
percent of visible light. The electrically 
conductive coating is permanently fired 
onto the surface of the glass and will 
not abrade, according to the manufac- 
turer. Sizes up to 2 by 6 ft. are avail- 
able. (Corning Glass Works, Dept. 
Sci766, Corning, N.Y.) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 


CELLS 


ards—Klett Reagents. 


GLASS ABSORPTION 


made 
by 


KLETT 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 


+250° 


IN 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


THE LAB-- 


use TIME TAPE for best results! 


Proven superior by actual use. Here is the 
toughest, 
tape available. WRITE ON IT! TYPE ON IT! 
Acid, 
affect it! Withstands temperatures from 
-+-250° to —70°! A variety of colors avail- 
able in plain or pre-printed to your specs. 
Numbers, identification, warning and many 
other time-saving uses can cut costs and in- 
crease efficiency. 


most durable pressure-sensitive 


water, dirt, grease or heat’ don't 


—70° 


628 


For samples and prices 
write to— Dept. RSL 


PROFESSIONAL TAPE CO., INC. 
355 Burlington Ave. 


Riverside, Ill. 
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or from previous pumpings. 


sures up to 200 mm Hg. 


curately by graduated scale. 


voir volume. 


Valveless pump eliminates contamination of 
liquid pumped, whether from the pump itself 


Accurately in- 
fuses solutions at the rate of 0.5 ml. through 
25 ml. with variation of less than 5% at pres- 


Simple screw adjustment changes delivery 
rate rapidly. Desired rates reproduced ac- 


Reservoir ends stopping to refill syringe— 
length of delivery run determined by reser- 


CAT. NO. 71-046 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 


chemists in: 


BIOCHEMISTS 


Challenging research positions are open for re- 
search Biochemists in the following areas: 


These positions offer a challenge to research 
Biochemists with M.S. or Ph.D. degrees and 
experience in the above listed fields to work on 
a wide variety of problems. We also have in- 
teresting positions for experienced creative Bio- 


Excellent employee benefits and liberal vacation 
policy. If you are interested in employment with 
a long established research organization in a 
metropolitan area having cultural advantages, 
please send résumé to: 


ARMOUR RESEARCH FOUNDATION. 
of Illinois Institute of Technology 


10 West 35th Street 


Research 


Photosynthesis 
Cellular Particulates 
Chloroplasts 
Mitochondria 


Protein Chemisty 


E. P. Bloch 


Chicago 16, Illinois 


PERSONNEL PLACEMENT 


CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 


COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rates listed be- 
low—no — for Box Number. Rates 
net. No ency commission. No cash 
discount. inion ad: 1 inch. Ads over 
1 inch will be billed to the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Weekly invoices will be sent on 
a charge basis— that satisfactory 
credit is establis 

Single gers $40.00 per inch 
4 times in 1 year 38.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C 


POSITIONS WANTED 


Organic Chemist, Ph.D. Unusual 15-year record 
of creative achievement. Seeking institutional or 
industrial position with maximum research free- 
dom. Attending New York meeting of —e 
Chemical Society. Box 174, SCIENCE. 


POSTTIONS OPEN 


Histologist. Immediate appointment in May Insti- 
tute of Medical Research, some previous expe- 
tience required—tissue preparation and participa- 
tion in activities of group engaged in medical re- 
Search. Permanent _ position; hour week; liberal 
benefit program. Write Mrs. Giller, Assistant 
Personnel Manager, Jewish Hospital, Cincinnati, 
Ohio. 9/16; 9/30 


OPEN 


POStTIONS OPEN 


Crime Detection requiring a Toxicologist in a 
state laboratory. Will serve coroners, medical ex- 
aminers, police, and prosecuting officials, work- 
ing with a leader in the field and offering un- 
usual opportunity to gain experience including 
forensic toxicology. Minimum of a master’s de- 
gree in science with training in pharmacology or 
a a ad plus 1 year’s experience. Send résumé 

o E. K. Borman, Connecticut State Department 
of Health, Hartford, Conn. 9/9 


Immunologist, M.S., or recent Ph.D. Background 
tissue culture. Genetics desirable. Send résumé, 
Dr. H. Gordon, St. Barnabas Medical Center, 
High St., Newark 2, N.J. 9/2; 9/9 


MEDICAL WRITER 


Opportunity available for young physician in 
physical service department of medical divi- 
sion. Should have ability and interest in med- 
ical writing. Clinical or laboratory experience 
desirable. Please send résumé to Technical 
Employment Coordinator, Upjohn Company, 
Kalamazoo, Michigan 


Opportunities Unlimited 


As part of an expansion program we have an 
immediate need for outstanding professional men 
qualified for any one of the following positions: 
Associate Medical Director; M.D. to coordinate 
clinical research field activity. Assistant Medical 
Director; Ph.D. to supervise medical field repre- 
sentatives and perform various administrative 
duties. Medical Field Representative; B.S. in 
biochemistry to handle clinical research activities 
out of Chicago, Illinois. Submit résumé to Per- 
sonnel Manager: 


SANDOZ PHARMACEUTICALS 
Route 10 
Hanover, New Jersey 


Ph.D.—ENDOCRINOLOGIST 


Mature investigator needed to head biological 
group concerned particularly with steroidal re- 
search leading to possible new therapeutic agents. 
Unusual opportunity in a modern industrial lab- 
oratory in academic environment. Research ex- 
perience in endocrine field required. Supervisory 
experience desirable but not necessary. Write 
sending personal résumé, including bibliography 
of publications, to: 


Technical Personnel Manager 
Parke, Davis & Company 
Ann Arbor, Michigan 


New opening for one postdoctoral (M.D. or 
Ph.D.) Traineeship in Sensory Physiology. Sti- 
pends, largely tax free. $6000 per year, up to 3 
years. Write to: Deafness Research Laboratory, 
Childrens Hospital, 4614 Sunset Blvd., Los An- 
geles 27, Calit. 9/9 


_ RETIRED OR SEMI-RETIRED? 


Writer with journalistic or editorial back- 
ground in biological sciences to prepare 
scientific news letter for annual retainer. 
Prefer resident of Northeastern United 
States. Reply Box 170, SCIENCE. 
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OPEN 


(a) Associate Assistant. Director, national research 
society; prefer M.D.; consider Ph.D. neurochem- 
ist; substantial public relations, public contact 
responsibilities; some travel; eastern headquar- 
ters. (b) Bacteriologist; full charge of department, 
300-bed general hospital; many teaching 
grams; minimum $6000; Southeast. Science Divi- 
sion. Woodward Medical Bureau, Ann Wood- 
ward, Director, 185 North Wabash, Chicago. X 


Medical Technologist, registered, with experience, 
and interested in supervising clinical chemistry. 
Salary open depending on qualifications. Apply 
Personnel Office, Indiana niversity Medical 
Center, 1100 West Michigan, Indianapolis, mm . 


Pharmacologist, experienced in  experimental* 
pharmacology ‘and testing for environmental Te- 
search laboratory in San Francisco area. Salary 
commensurate with experience. Send résumé to 
Box 172, SCIENCE. x 


Predoctoral and Postdoctoral Fellowships in Medi- 
cal Physics. Opportunities to do postgraduate 
work in the basic medical sciences and in their 
application to clinical a. Emphasis is on 
the fields of radiation biology, radiation physics, 
and the clinical use of radioisotopes. Study pro- 
grams leading to the M.S. an degrees 
and postdoctoral research supported by fellow- 
ships. Stipends vary with training and depend- 
ents. Write to Chairman, Department of Radiol- 
ogy, Medical Center, University of California, 
Los Angeles 24, California. x 


Predoctoral and Postdoctoral Training Programs 
in Anatomy are available for qualified students. 
Stipends range from $1800 to 200 for under- 
graduates, starting at $6000 for postdoctoral fel- 
lows. Tuition and a modest travel allowance are 
rovided for. The department has ten full-time 
aculty members, all with active research pro- 
grams. Training may include electron microscopy, 
tissue culture methods, phase cinematography, 
autoradiography, histochemistry, medical genetics, 
experimental endocrinology, and modern tech- 
niques for investigation of the nervous system. 
The program includes opportunities for training 
at other divisions of the university in accord with 
the desires and best interests of the student. For 
further information please write to the Chairman, 
Department of Anatomy, The University of Texas 
Medical Branch, Galveston, Texas. 

3/25; 9/2; 10/7 


The University of Melbourne, Victoria, Australia, 
calls for applications by 1 November 1960 for a 
Senior Research Fellowship. The position is ini- 
tially for 1 year but may be renewable for a 
second. The salary will be in the range £A2200- 
£A2600, and up to £500 may be made available 
for cost of travel to and from Australia. Condi- 
tions of the rr. may be obtaind from 
Australian News & Information Bureau, 636 
Fifth Ave., New York 20, N.Y., or J. S. Rogers, 
Dean of Graduate Studies, University of Mel- 
bourne. x 


The Market Place 


BOOKS + SERVICES + SUPPLIES * EQUIPMENT 


DISPLAY: Insertions must be at least 1 
inch in depth. Weekly invoices will be 
sent on a charge account basis—pro- 


vided that satisfactory credit is es- 
tablished. 
Single insertion $40.00 per inch 
4 times in 1 year 00 per inch 
7 times in 1 year 36.00 per inch 
13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


{iil SUPPLIES AND EQUIPMENT fj 
ALBINO RATS 


The ultimate in Uniform, Healthy, Experimental rats 
—Produced by those best qualified— 
VETERINARIANS 


For price list and descriptive brochure—phone or 
write 
Badger Research Corporation 
AL 6-6064 P. O. Box 527, Madison 1, Wis. 


of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St. * MAin 3-5373 Denver 16, Colo, 


¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 


"From the hand of the veterinarian 


to research” ® 


albino rats 
CHARLES RIVER CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


1018 Beacon St., Brookline 46, Mass. RE. 4-2000 
Henry L. Foster, D.V.M., President 


BOOKS AND MAGAZINES 


Your sets and files of 
scientific journals 


are needed by our se and institutional cus- 
tomers. Please send us lists and description of 
erg files you are wilting to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


PROFESSIONAL SERVICES _ 


LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies 
Chemical and Biological Assays, - 
Clinical Studies, Research 


LaWatt & HARRISSON 
Div. § 192) Walnut St.. Philadelphia 3. Pa. LO 3-432 


MAMMARY TUMORS IN MICE 


AAAS Publication No. 22. By the staff of 
the National Cancer Institute, National In- 
stitutes of Health. F. R. Moulton, Ed. 


7%” X 11%”, cloth, 20 tables, 52 illus. Pub- 
lished 1945—Now offered at reduced price: 
$3.00 og orders by AAAS members, 


$3.50 reta: 
AAAS 
1515 Massachusetts Avenue, NW, 
Washington 5, D.C, 


LOW-LEVEL IRRADIATION | 
Editor: Austin M. Brues 


A symposium organized by the 
AAAS Section on Zoological Sci- 
ences, cosponsored by the U.S. 
Atomic Energy Commission and 
the Division of Biological and 
Medical Research of the Argonne 
National Laboratory. 


Public debate on global fallout has been 
acrimoni b scientific facts 
diation and h 


regarding nuclear warfare have become 


about r 


implications 


confused. Scientists have consequently 
been thought guilty of iynorance or of 
partisanship. The Symposium on Low- 
Level Irradiation deals in a considered 
way with the many points of view that 
have brought tihs about, and indicates 
possible solutions. 


Scientific Background: Introduction— 
National and Artificial Radiation Back- 
ground of Man—Met logical Factors 


and Fallout Distributi Genetic Effects 
—Somatic Effects 


Implications: Introducti Radiati as 


a Public Health Problem—Responsibili- 


ties of the Press—Legal and Political Im- 


plications—Science and Morality 
Summary and Conclusions—Index 


December 1959, 158 pages, $3.75 
AAAS Members’ Cash Orders $3.25 


English Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, West Central 
Street 
London W.C.1, England 


AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF 
SCIENCE 


1515 Massachusetts Ave., NW 
Washington 5, D.C. 
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OF ROCHESTER 


Elementary Studen 
Model MIC 
$39.50 
$35.55 in lots of 5 


Student-Teaching 
Model $-2 
$110.50 

$99.45 in lots of 5 


Medical Monocular 
Model EC 
$316.50 
$284.85 in lots of 5 


Medical Binocular 
Model ECBi 
72.50 
25.25 in lots of 5 oe 


... quality and craftsmanship you can SEE and FEEL. Write today for specifica- 
tions on models shown as well as on the complete Elgeet-Olympus QUALITY line. 


WRITE DEPT. APS + 10 DAY FREE TRIAL + IMMEDIATE DELIVERY 


SCIENTIFIC INSTRUMENT AND APPARATUS DIVISION 
838 SMITH STREET ¢ ROCHESTER 6, NEW YORK 


“Quality is our watchword... Precision Engineering our constant goal 


e 
4 
D 
“QUALITY IS OUR WATCHWORD = 
our slogan is BUILT-IN to Elgeet-Olympus microscopes and 4 
R 
Sigeef opticar co., ine... 
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Now, for the first time, automatic analysis of radioactive 


samples with counting rates as low as 2-3 cpm 


Low level C-14, P-32, and Sr-90 samples, pre- 
viously unmeasurable with automatic equip- 
ment, can be counted with high precision in 
Nuclear-Chicago’s new Low Background Auto- 
matic Sample Changer. Unwanted interfering 
background has been reduced to only 2 counts 
per minute by extensive shielding and a unique 
“‘guard’’ which eliminates cosmic ray counts. 
High sensitivity is achieved by use of a new 
“‘Micromil”’® window gas flow detector. 


nuclear-chicago 


CORPORA TIO WNW 
345 E. Howard Ave., Des Plaines, Illinois 


The low background permits a substantial cut in 
the amount of labelled reagent required in tracer 
work and greatly reduces measurement time. 
The entire system can be left unattended and 
printed data collected when convenient. And— 
if you already have a Nuclear-Chicago Automat- 
ic Sample Changer, you can convert it at mod- 
esi cost into the new Low Background Changer. 
For full information, please ask us to send our 
Bulletin C-115. 
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